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COLOR TEMPERATURES OF B-TYPE STARS AND 
RAYLEIGH SCATTERING 
By O. STRUVE, P. C. KEENAN, ann J. A. HYNEK 


ABSTRACT 


Observations of two red B stars indicate that their energy-curves are consistent with 
Planck’s law for temperatures which are considerably lower than those usually attrib- 
uted to normal B stars. The results are not in harmony with Rayleigh scattering, but 
do not disprove other types of scattering. 


I 

Several years ago the suggestion was made by H. N. Russell* that 
local selective absorption might be the cause of the abnormally yel- 
low color of three B-type stars situated within 5° of one another, in a 
region full of diffuse nebulosity. In 1926 Struve? investigated the 
color excesses of early type stars, determined by Bottlinger,’ and 
found several regions in the sky where the colors are systematically 
either too red or too blue. He made the suggestion that reddening in 
certain areas may be produced by light-scattering in dark nebulae or 
in calcium clouds. Recent investigations by Elvey,* Becker,’ and 


t Proceedings of the National Academy of Sciences, 5, 398, 1919. 

2 Astronomische Nachrichten, 227, 377, 1926. 

3 Vero ffentlichungen der Sternwarte Berlin-Babelsberg, 3, Part IV, 1923. 

4 Astrophysical Journal, 74, 298, 1931; 75, 354, 1932. 

5 Veréffentlichungen der Sternwarte Berlin-Babelsberg, 10, Part III, 1933; Zeitschrift 
fiir Astrophysik, 5, 101, 1932; J. Dufay and Ssu-Pin Liau, Comptus rendus, 196, 1372, 
1933- 
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Stebbins and Huffer® have added strong evidence to the hypothesis 
of a selectively scattering medium concentrated in Hubble’s region of 
avoidance of extra-galactic nebulae, near the central line of the 
Milky Way. On the other hand, it is rather surprising that the cor- 
relation between color excess and intensity of interstellar calcium 
lines is as weak as Gerasimovic,’ Struve,* and Miss Westgate? have 
found it to be. Both Elvey and Becker have suggested that the scat- 
tering medium may not be coexistent with the interstellar gas, but 
we have at present little information as to whether the type of red- 
dening observed in B stars is consistent with the theory of Rayleigh 
scattering.”® It is the purpose of this paper to find whether the en- 
ergy-curves of some of the reddest B stars are in harmony with the 
hypothesis of Rayleigh scattering. Such tests have already been 
made by Trumpler" and by Gerasimovic.” The former measured the 
difference in photographic density, at various wave-lengths, be- 
tween several red B stars in clusters and normal B’s in the same re- 
gion. The latter worked on a general program of early-type stars, re- 
ferring the measured intensities to those of Ao comparison stars as 
standards. 
II 

Consider two stars of temperatures JT, and T, which radiate as 
black bodies, and let the first star be affected by Rayleigh scattering. 
Then, using Wien’s approximation to Planck’s law, we have 

—4 


€2 
: _-2 =p. @ 
E,(\) =c¢,\e 7 e ‘ 


C2 
E,(\)=¢,A75e ®72, 
where 
_ 32 7(m—1)? 


' 3 N ’ 


6 Proceedings of the National Academy of Sciences, 19, 597, 1933- 

7 Harvard Observatory Circular, No. 339, 1929. 

8 Naturwissenschaften, 17, 717, 1929. 9 Astrophysical Journal, 78, 65, 1933. 
10 Q. Struve, Popular Astronomy, 41, 423, 1933. 

1" Publications of the Astronomical Society of the Pacific, 42, 267, 1930. 


12 Toc. cit. 
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m is the coefficient of refraction of the medium, and N is the number 
of particles per cubic centimeter. 
The quantity actually measured is 


_ Bi ft. 

Am=—2.5 logi ane AT, ws) (1) 

Consequently, if Am is plotted against 1/A=v, we obtain a straight 

line if 8=o and a curved line depending upon 1/)3 if B¥o. The 
spectrophotometric gradient used by Gerasimovic is 


d(Am) _ C2 ¢, 46H 


7 Ek we (2) 
ws" 


Gradient = 


which is a constant if BH =o. The error introduced in the discussion 
by the use of Wien’s formula in place of the precise expression by 
Planck is insignificant because the observed energy-curves of the 
stars in the narrow range between \ 3500 and J 6200 are not suffi- 
ciently accurate to make a distinction between the two expressions 
possible. 

By measuring a red B star against a comparison star having a 
similar absorption-line spectrum, we obtain a curve which must be 
interpreted in the light of equation (2). It has usually been as- 
sumed that 7,=T,, and the coefficient GH has then been fitted as 
accurately as possible to the observations. This method is not en- 
tirely satisfactory, because it results in a large range in the values of 
Am. If a red and a normal B star are exposed in such a manner that 
at \ 3500 the intensities of the continuous spectra are identical, the 
red star will be much stronger at \ 6200; there is always some uncer- 
tainty in the photometric measurement of a large Am. Thus, in 
Trumpler’s work Am has a range of over 2.5 mag. 

There is, however, no theoretical reason why the comparison 
should be limited to stars having similar absorption spectra. By 
varying T, it is possible to change the slope of the curve in such a 
manner as to reduce the total range of Am, thereby increasing the 
precision of the measurements. In an ideal case we should measure 
Am against a comparison star of later class, adjusting 7, in such a 
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way that Am is always small. Then the test of linearity of equa- 
tion (2) can hk. easily demonstrated, and if BH =o, then T,=T7,. 

If BH is small, the deviation from a straight line will be insignifi- 
cant. Therefore the test should be limited to B stars which are ap- 
preciably reddened. 

III 

Preliminary measures of color have been made on objective-prism 
spectrograms of two early-type stars known to be unusually red for 
their spectral classes: 55 Cygni (20"46™,+45°45’, H.D. sp. B2, mag. 
4.89) and 13 Cephei(21"52™,+56°08’, H.D. sp. Bop, mag. 6.01). 
The instrument employed was the Zeiss U.V. doublet of 14.5-cm 
aperture and 81-cm focus, fitted with a 30° prism. 

Each plate contains the spectrum of one or more comparison 
stars placed close to that of the star to be measured, the exposures 
being timed to make the average densities of the several spectra 
about the same. Care was taken also to see that all of the stars com- 
pared were photographed at nearly the same zenith distance. 

The exposures of 55 Cygni were made on both Wratten and Wain- 
wright Hypersensitive Panchromatic and Imperial Eclipse Soft 850 
plates in order to make available a range of wave-lengths from 
3500 A to 6200 A. Because of its faintness, 13 Cephei was taken only 
on the blue sensitive plates. The emulsions of both types were cali- 
brated photometrically by means of a tube sensitometer used with- 
out a filter. A separate series of sky spectra was taken with a small 
slit spectrograph provided with a rotating logarithmic sector, for the 
purpose of determining the corrections for variation of contrast with 
wave-length to be applied to the mean calibration-curve. Some evi- 
dence was found, in agreement with the results of others, that the 
contrast increases toward the red, particularly for the Panchromatic 
plates, where the change of slope may amount to as much as Io per 
cent. However, since this is of the order of accuracy of the rather 
rough data on the stars, it was decided to use the mean curves for all 
reductions. For this reason it must be understood that the accom- 
panying curves are only provisional, but in view of the smallness 
of the differences in density measured in most cases it is felt that 
the set of curves is not affected by serious systematic errors. In con- 
nection with the more extensive investigation of colors planned here, 
accurate heterochromatic calibration will necessarily be provided. 
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The colors of 55 Cygni and of 13 Cephei were obtained by measur- 
ing the relative brightnesses of their spectra with respect to those of 
the comparison stars, at several wave-lengths. Since the absolute 
values of the differences in magnitude depended entirely upon the 
conditions of exposure and had no significance, the differences at the 
intermediate wave-length of 4580 A were set equal to zero and the 
gradients determined by plotting Am against wave-number in the 
usual manner.” 

The comparison stars were so chosen as to have either the same 
Harvard spectral classification or the same color, on the basis of 
Bottlinger’s color excesses, as the ones to be investigated. The star 
55 Cygni turned out to be redder than we anticipated, so that the 
A2-A3 comparison stars still show a relative gradient in the same 
direction as that of the B2—-B3 stars. 


IV 

The results are shown in Figures 1 and 2. It will be seen that the 
comparison stars of classes B3 and F5 give straight lines. Compari- 
son stars of classes Bo, A2, and A3 give straight lines between about 
d 4000 and X 6200; to the violet of \ 4000 they show a “hump,” | 
which is evidently identical with the phenomenon discovered by Gera- 
simovic and called by him “ultra-violet appendage.” In agreement 
with Opik,' we attribute this to the continuous absorption at the 
limit of the Balmer series of the comparison stars, not to a real in- 
crease of radiation in the red B stars. Evidently the strength of the 
continuous hydrogen absorption in late B stars and in most A stars 
renders them unsuitable for this type of work. 

As long as we do not know the exact amount of the continuous hy- 
drogen absorption, we shall have to doubt all parts of our curves to 
the violet of \ 4000. There is, however, a strong indication that the 
observed curves are in agreement with the hypothesis BH =o in 
equation (2). In other words, whatever the cause of the reddening 
may be, it converts the energy-curve of a B star into one agreeing, 
within errors of measurement, with Planck’s curve for a definite but 
relatively low temperature, and disagreeing with the assumption of 

3B. P. Gerasimovit, Harvard Bulletin, 857, 15, 1928; H. Kienle, Monthly Notices of 
the Royal Astronomical Society, 88, 700, 1928. 


™ Harvard Observatory Circular, No. 359, 1931. 
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Rayleigh scattering. To bring this latter conclusion out more clear- 
ly, we have shown in the diagrams the amount of curvature demand- 
ed by Rayleigh scattering. The curves were adjusted in such a way 
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Fic. 1.—The curved broken line represents the effect of Rayleigh scattering 


that the slope between \ 4500 and X 5000 was about that indicated 
by the comparison stars of early class. In doing so we assume that 
T,=T,=ionization temperature of the red B star. It is clear that the 
observed points do not agree with the curve. 

A similar uniform variation of Am with wave-number has been 
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found in individual cases: by Gerasimovic’™ in P Cygni and by H. 
Kienle® in ¢ Persei. 

The linearity of the relation is especially striking in the case of 13 
Cephei, whose energy-curve seems to be identical with that of a 
normal F5 star. Inasmuch as the colors of the comparison stars ap- 
pear to be approximately normal for their spectral classes, we can 
use the slopes of the observed lines to estimate effective temperatures 
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for the abnormal stars. Adopting the scale of A. Brill,"® we find an 
equivalent temperature of 7400° for 55 Cygni and of 7o00° for 13 
Cephei. 

This does not necessarily mean that the temperatures of the red 
B stars are low, for there are types of scattering which do not intro- 
duce curvature. For example, if 8 «\~*, the observations would be 
represented. Opik'® has discussed this and other possible types of 
scattering, and Struve has discussed the consequences of our results 
elsewhere.” 

YERKES OBSERVATORY 
July 1933 
1s Zeitschrift fiir Astrophysik, 3, 373, 1931. 


16 See n. 14. 17 Popular Astronomy, 41, 423, 1933. 








THE DISTRIBUTION OF EXTRA-GALACTIC NEBULAE’ 
By EDWIN HUBBLE 


ABSTRACT 


The object of the investigation is to determine the distribution of extra-galactic 
nebulae to a faint uniform limiting magnitude. The material consists of counts of about 
44,000 nebulae on 1283 plates with the 1oo-inch and 60-inch reflectors, distributed over 
the three-quarters of the sky north of —30° Dec. The counts are reduced to the stand- 
ard conditions of excellent one-hour exposures at the zenith on Eastman 40 plates with 
the 1oo-inch reflector. 

In general no nebulae are found along the Milky Way. The zone of avoidance, repre- 
senting local obscuration, is irregular and follows the general pattern of the known ob- 
scuring clouds. It is bordered by partial] obscuration, which fades away into the regions 
of normal distribution where the frequency-curve of log N,, closely approximates a 
Gaussian error-curve. 

Systematic variations in longitude are appreciable only in the lower latitudes, where 
obscuration appears to be conspicuously greater in the direction of the galactic center 
than in the opposite direction. There is a definite variation with latitude, which from 
the poles to about 8=15° is represented by the cosecant formula 


log Nm=C—o.15 cosec B , 


indicating a total obscuration of 0.5 mag. from pole to pole with no appreciable differ- 
ence between the two hemispheres. 

With allowance for the effect of the red shift, the rate of increase of log N with ex- 
posure time suggests uniform distribution in depth. 

The standard conditions represent a threshold of identification for nebulae at about 
20.0 pg m. Corrected for red shift, the number of nebulae per square degree to magnitude 
m is 

log Nm=0.6m—9.12 , 


which leads to values for the density of matter in space of log p= —16.4 to —16.8 in 
nebulae per cubic parsec, or — 29.8 to — 29.9 gr/cc, depending upon the value adopted 
for the mean absolute magnitude of nebulae. 
PART I. RELATIVE DISTRIBUTION OF 
NEBULAE OVER THE SKY 

The empirical approach to the problem of the structure of the 
physical universe consists in extrapolating the observed characteris- 
tics of the sample available for inspection. If the sample is fair and 
the characteristics are well determined, the method may be signifi- 
cant. Investigations have recently emerged from the stellar system 
and now range through a large volume of space whose inhabitants, 
the nebulae, are of the same general order as the stellar system itself. 
There are as yet no indications of a super-system of nebulae analo- 
gous to the system of stars. Hence, for the first time, the region now 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 


ton, No. 485. 
8 
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observable with existing telescopes may possibly be a fair sample of 
the universe as a whole. This circumstance enhances the interest in, 
and possibly the value of, the determination of general character- 
istics. 

The first reliable information concerning extra-galactic regions 
came from stars involved in the nearer nebulae, which provided 
rough methods of estimating distances—clues which have been rap- 
idly exploited during the last decade until now we have a hasty 
sketch of some of the general features of the observable region as a 
unit. The next step was to follow the reconnaissance with a survey— 
to repeat carefully the explorations with an eye to accuracy and 
completeness. The program, with its emphasis on methods, will be a 
tedious series of successive approximations, but the procedure is 
necessary, since extrapolations beyond the frontiers will be signifi- 
cant only m proportion to the accuracy with which the trend of 
correlations has been established out to the frontier itself. 

The present discussion is a contribution to the program in the 
form of an investigation of nebular distribution as observed with 
the large reflectors at Mount Wilson. The purpose is to delimit more 
closely the influence of local galactic obscuration and to sketch out 
the general background of normal distribution against which irregu-’ 
larities, local or systematic, may be further investigated. Few of the 
results are wholly new, but they are formulated more precisely than 
has hitherto been possible, in keeping with the character of the in- 
vestigation as a second approximation toward the end in view. 

Unless otherwise stated, the term “nebula” is used throughout the 
discussion to designate the extra-galactic nebulae alone. Latitude 
and longitude refer to galactic co-ordinates and are designated by 
6 and X, respectively.” 


RECENT CONTRIBUTIONS TO THE SUBJECT 


The first modern note in discussions of nebular distribution is 
found in an article by Hinks} published in 1911, urging the desira- 


2 The galactic co-ordinates are referred to the pole at R.A.=1240™; Dec. +28° 
(1900). The conversions from equatorial co-ordinates were made or checked with the 
aid of the tables by John Ohlsson (Annals of the Observatory at Lund, No. 3, 1932). 

3 A. R. Hinks, Monthly Notices of the Royal Astronomical Sociely, 71, 588, 1911. The 
earlier literature on the subject is briefly summarized by Hinks. 
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bility of investigating the nebulae recorded on the Franklin-Adams 
plates. The gaseous nebulae, both planetary and diffuse, are recog- 
nized as galactic in the sense that they concentrate along the Milky 
Way. The complementary group, ‘‘the so-called white nebulae of 
which the large and better known examples are spirals,” are called 
extra-galactic because 

in general they avoid the actual Milky Way zone. But they do it without im- 
posing upon themselves symmetry in either galactic latitude or galactic longi- 
tude, and these results suggest that it will be prudent in the future to discuss 
spiral nebula distribution more on its own merits, and less with an eye to the 
galactic poles. 

The data from the Franklin-Adams plates compiled by Hard- 

castle‘ and Fath’s* study of plates of Selected Areas with the 60-inch 
reflector at Mount Wilson, both published in 1914, tended to con- 
firm Hinks’s conclusions. Curtis” discussion of nebulae on the Cross- 
ley plates at Mount Hamilton contributed 
the valuable indication that the density of small nebulae persists to at least 60° 
from the galactic poles, with only a comparatively small diminution of the fre- 
quency of distribution which obtains about the two galactic poles. 
This conclusion was confirmed and developed as far as the data per- 
mitted in Seares’s’ very thorough analysis of Fath’s counts, pub- 
lished in 1925. In addition, Seares found suggestions of a compli- 
cated distribution in longitude with a band of high frequency ap- 
parently crossing the northern hemisphere in longitudes 50°—220°. 

Wirtz,® in 1923-1924, discussed nebular distribution as indicated 
by the NGC, by the counts of Fath and of Curtis, and by his own 
extensive measures of surface brightness. He found no conspicuous 
dependence of surface brightness on latitude, but some indications 
of such a dependence on nebular density, in addition to the familiar 
concentration near the north pole. He concluded that distribution 
purely according to latitude is only a rough approximation. Well- 
defined centers of clustering are conspicuous, one of which is near the 

4 Monthly Notices of the Royal Astronomical Sociely, 74, 699, 1914. 

5 Astronomical Journal, 28, 75, 1914. 

6 Publications of the Lick Observatory, 13, 11, 1918. 

7 Mt. Wilson Contr., No. 297; Astrophysical Journal, 62, 168, 1925. 


8 Astronomische Nachrichten, 222, 33, 1924; 223, 123, 1924; also Meddelanden frin 
Lunds Astron. Observatorium, Ser. II, No. 29, 1923. 
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north pole. The fainter the nebulae, however, the less pronounced 
the concentration toward the pole and the more defined the tendency 
toward uniform distribution over the sphere. 

Reynolds,’ in 1923, discussed the distribution of the brighter neb- 
ulae and called attention, among other items, to apparent anomalies 
in the distribution in longitude. For instance, the large spirals and 
the globular star clusters tend to be mutually exclusive, congregat- 
ing in opposite hemispheres whose poles are near the galactic plane. 
Moreover, he stated, ‘‘there is very definite evidence of a band, 
fairly widespread in the Ursa Major region, stretching past the pole 
beyond Virgo, the average size becoming smaller as the band passes 
beyond the pole.” 

The band is in the general region of that later suggested by Seares 
and represents the phenomenon described much earlier as the Milky 
Way of the nebulae. 

Provisional results from the present survey were summarized” in 
1931. Although the quantitative results have been revised in the 
present more detailed analysis, the general outlines of the picture 
remain unchanged and need not be restated. 

In 1932 appeared the Harvard" survey of nebulae brighter than 
the thirteenth magnitude, which covers the entire sky in a homoge-. 
neous manner. The results concerning distribution were summarized 
as “‘the avoidance of low latitudes, the strong clustering in the north- 
ern galactic hemisphere, and the general unevenness of distribu- 
tion.”’ Later, in 1933, Shapley” discussed the distribution of nebulae 
to much fainter limits on the basis of approximately 100,000 nebulae 
photographed with the Bruce 24-inch refractor, stating that “there 
is no change with latitude north of +25°; south of —25° the mean 
density increases, but the obstructing streamers of dark nebulosity 
in latitude — 20° to — 40° are probably largely responsible for the ap- 
parent increase.’’ He further emphasized the apparent irregularities 
in distribution and the greater richness in the northern hemisphere. 

9 Monthly Notices of the Royal Astronomical Society, 83, 147, 1922; 84, 76, 1923. 


1 Publications of the Astronomical Society of the Pacific, 43, 282, 1931; also Science, 
75, 24, 1932, and Annual Report of the Mount Wilson Observatory, 1930, 1931, and 1932. 


™ Shapley and Ames, Harvard Annals, 88, Part II, 1932. 
% Proceedings of the National Academy of Sciences, 19, 389, 1933- 
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THE OBSERVATIONAL DATA FOR THE INVESTIGATION 


With the broad features of nebular distribution thus outlined, it 
was evident that further reliable information could be expected only 
from large bodies of new data, reasonably complete and thoroughly 
homogeneous. An examination of the reflector plates available at 
Mount Wilson in 1926 proved them unsuitable for the particular 
purpose, owing to lack of uniformity in aperture, emulsion, develop- 
ment, exposure, distribution, etc. A special survey was therefore 
initiated, and current programs of direct photography were modified 
where possible to meet the new requirements. Extensive studies of 
threshold images were also undertaken, with especial attention to 
the comparison of plates taken with various instruments and under 
various exposure conditions, until now it is believed that a consist- 
ency has been attained in the treatment of nebular images which 
warrants a general discussion of the accumulated material. 

At present about eighty thousand nebulae have been identified on 
Mount Wilson photographs, of which some sixty thousand are on 
plates in the writer’s collection. Of the latter, about three-fourths" 
were observed under the standard conditions adopted for the present 
investigation. Both reflectors are represented indiscriminately, but, 
owing to differences in mounting, the 1oo-inch alone is generally used 
south of about —20° Dec., and the 60-inch alone north of about 
+60”. 

The standard conditions were Newtonian foci, full apertures, 
Eastman 40 plates—5 X7 inches for the 100-inch and 4 X 5 inches for 
the 60-inch, and full development with a hydroquinone developer 
(X-ray). Minor variations in sky, mirrors, emulsions, and develop- 
ment were treated as accidental errors, but corrections were applied 
for atmospheric extinction, variations in definition, and exposure 
time. The nebular counts were first reduced to the equivalent of 
one-hour exposures, of excellent definition, at the zenith, with the 
100-inch, and in this form were used for the investigation of relative 
distribution. Later the results were reduced to numbers of nebulae 
per square degree to a definite limiting magnitude for the purpose of 

3 The residue are about equally divided among plates of the great clusters; plates 
with the Ross correcting lens; plates with other apertures, emulsions, or development; 
and plates with the 1o-inch camera. 
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deriving significant quantitative values for various characteristics 
of the observable region. 

Each plate was examined at least three times with high and low 
power, the last examination being a continuous review of the entire 
collection in the light of accumulated experience for the purpose of 
improving the consistency of the counts and the estimates of quality. 
All images not definitely stars or obvious defects were marked as 
nebulae. Comparisons of pairs of duplicate plates indicate that mis- 
takes tend to balance misses; hence, for statistical purposes, the 
counts appear to be fairly homogeneous." 

It is impossible, however, to identify all nebulae recorded on a 
plate from the appearance of the images alone. Numbers increase 
rapidly with diminishing size and brightness, and, in the faintest 
half-magnitude, where about one-half of the total may be expected, 
the nebulae tend to lose themselves among the stars. The threshold 
of identification varies with the type; open spirals fade out, while 
areas are still perceptible, and compact globular nebulae merge into 
the star images well above the limit of the plates. This effect can be 
treated as statistically uniform, since it depends upon the relative 
frequencies of nebular types and there is no reason to assume that 
the relations vary systematically over the sky. But the threshold 
of identification also varies with the criteria upon which different ob- 
servers, consciously or unconsciously, base their judgments. This ir- 
regularity represents a personal equation which may attain consider- 

4 The accuracy of the counts was tested in various ways. Several dozen duplicates 
were included in the collection, but most of them represent plates discarded for par- 
ticular reasons (usually poor seeing) and replaced by others of better quality. Fifteen 
duplicates, however, were judged suitable for comparison purposes, and these pairs of 
independent counts, when reduced to the standard system, show an average difference 
without regard to sign of about 0.05 in log NV. Some of the difference can be attributed 
to uncertainties in the reduction, especially in the corrections for quality, which exhibit 
a considerable range. 

A more detailed investigation of these fifteen pairs (six with the 60-inch, four with 
the 1oo-inch, and five with both telescopes), together with eight two-hour exposures 
with the 1oo-inch (not included in the discussion), of fields covered by hour exposures 
with either telescope, indicated that among about 1020 identifications on plates in- 
cluded in the survey, 42 were mistakes representing defects and stars, while 56 nebulae 
were missed, although above the threshold of identification. A ratio of this order is 
assumed to hold for the entire body of data. The relative number of nebulae actually 
recorded, but below the threshold of identification, is discussed later. 
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able proportions and must be calibrated before counts by various 
observers can be compared. The personal equation may also be ex- 
pressed as the difference between the limiting magnitude of the nebu- 
lar counts and the limiting magnitude of the star images on the 
plates—a quantity which varies with the observer as well as the in- 
strumental equipment. Calibration of the present counts has been 
attempted in some detail, since the writer believes that the interpre- 
tation of most of the published counts is seriously restricted or even 
confused by the omission of this important feature. 

The observational data, together with log NV reduced to a homo- 
geneous system, are listed in Tables I-IV. 

Table I gives the survey data. The 765 plates, about equally 
divided between the two reflectors, are distributed along circles of 
latitude 5° apart, the galactic equator itself being omitted. From 
B=5° to 60°, the longitude intervals are 10°; for 8=65° and 70°, the 
intervals are 20°; for 8=75° and 80’, they are 30°; for B=85°, they 
are 60°. With the exception of six fields,'® the survey is complete to 
Dec. = —30° and hence covers three-fourths of the sphere, including 
both galactic poles and about two-thirds of the Milky Way. The 
northern hemisphere is complete from the pole to and including 
8=+ 40°. The corresponding southern cap, B= —40° to —go’, is 
about 60 per cent complete. 

Uniform exposures of one hour were used for 690 plates, and half- 
hour exposures for 74 plates scattered along the latitude circles at 
B=35°,45°,55,and 65°. The half-hour exposures, which are marked 
with an asterisk in Table I, were included primarily for use in de- 
termining the manner in which numbers of nebulae increase with 
exposure time. For the same reason a 45-minute exposure was in- 
cluded and marked with a double asterisk. The last column of the 
table gives the values of log NV reduced to the uniform conditions of 
one-hour exposures of excellent quality at the zenith with the 10o0- 
inch. Log N is simply the sum of log NV, (the number of nebulae ac- 

The exceptions are B=+20°, A=310°; —25°, 200°; —45°, 190°; —55°, 190°; 
—65°, 190°, and 350°. The plates were rejected for various reasons and attempts to 
repeat them have failed. Counts on the rejected plates are considered uncertain, but 
they indicate no remarkable deviations from normal distribution; hence their omission 
is not very material. 
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| | || | | | 
B A | Z | Q N: I |log N Hy B A | | vA | Q V; I |log N 
+ 90° h 39°] E 71 6 | 1.90 | +65° | 140°) s* 7°| E 14 2|1.971 
| 160 s* 19 | GE 14 a ae 
85 o°} h 29 | FG 60 7 | 1.08 | 180 32 | I 37 1.88 
60 h 20 | E 50 2) e238) 200 s 19 | E 67 6 | 2.00 
120 h 41 | E 37 =) 26s h) | 220 $ 30 | E 84 | 12 | 2.11 
180 h 34 | F 80 A} 3223-H) | 240 h* 28 | E 26 2] 1.83 
240 h 15 | E 51 acl 278 | 260 s 2|FG 36 4 | 3.03 
300 h uaihsz 60 | 10 | 1.78 || | 280 h 34 | GE 48 4 | 1.76 
| | 300 h* 33 | F II 21 3.95 
80 ° h 11 | FG 41 4 | 1.79 || | 320 h 33 | GE 86 5 | 2.00 
30 s 51 | G 14 5 | 2.00 |} | 340 s* 17|E 16 ¥-) B97 
60 s 41 | E 43 9 | 1.85 || | 
go s 42 | FG 23 Chee Gort .6 s 21|E 58 | 12 | 1.93 
120 s 37 F 19 I 1.76 || |} 10 s 28 |G 54 4 | 2.01 
150 s 39 | E 77 7 | 2.10 || | 20 s 2|1G 35 5 | 1.86 
180 h 2 GE 54 e | 3.978 1] 30 s 13 | GE 390 611.79 
210 s 55 3 32 % | F-06 II 40 s any & 14 2 | 1.65 
240 h 13 | FG 14 4 | 1.88 |} 50 s 19 |G 3I 5 | 1.76 
27 h 41 | G 62 ¢ | 8.08 i 60 s 18 |G 28 413.93 
300 | h 19 |G 72 Sh aoe || 70 ~ 37 |G 25 3 | 1.70 
330 s 43 | GE 76 9 | 2.14 || 80 $s 32 |G 46 6] 1.05 
H go s 24 | GE 40 1 | 1.81 
75 ° h 34 | E go | 10 | 1.99 || 100 s 42 | GE 790 | 14 | 2.16 
30 s 16 | E 58 | 10 | 1.93 |} 110 s 21 | GE 8s | 12 | 2.34 
60 S 7|F 22 1 | 1.78 || 120 s 30 | GE 31 211.72 
go s 34 | E 54 6 | 1.93 130 h 43 | FG 52 8 | 1.96 
120 s 23 | E 30 7 1.65 || 140 | Ss 30 |G ar 6 | 1.78 
150 s 290 | E 39 2) 3.97 | 150 h 26 | GE | 145 | 23 | 2.22 
180 h 8/E 97 9 | 1.99 | 160 | h 28 | GE 37 21 3.63 
210 h 32 | GE 67 1.90 || 17 h 7 | GE 37 9 | 1.61 
240 s 30 83 s | 2.48 Il 180 h 34 | FG 50 5s | 1.62 
270 h 35 | GE 63 7 | 1.88 || 190 h 17 | GE 64 8 | 1.86 
300 h 33 , 73 | 12 | 1.90 || 200 s 45 | F 31 3 | 2.00 
330 h 22 | FP 27 2] 1.89 | 210 h 29 | E 120 8 | 2.10 
|| 220 s 36 | E 67 | 13 | 2.03 
70 ° $s 43 | G 44 & | €.06 1 230 h 41 | E 88 7 | 2.00 
20 h 39 | G 43 4|1.78 || 240 s 37 | E 36 6] 1.7 
40 s 28 | F 3I Le ie ae | 250 h 40 | GE 77 7 | 1.98 
60 s 34 | G 2 2 | 1.76 || 260 h 36 | GE 41 5 | 1.69 
80 h 41 | G 76 7 | 2.04 |] 270 s 2|/E 77 110 | 2.11 
100 | h 41 | G 36 6 1.72 280 s 46 | GE 34 2] 1.81 
120] s 26 | G 51 2 | 1.99 ||} 290 s 4s | E 76 | 12 | 2.11 
140.| Ss 44 | GE 44 6 | I.QI || 300 s 33 | GE 35 Ol .F7 
160 s 35 | E §2-f 32-1 O72" 310 h 50 |G 65 7 | 2.01 
180 s 20 | FG 36 7 | 1.91 320 . 36 | GE 53 9 | 1.96 
200 s 37 E 69 3 | 2.04 |] 330 | h 52 | FG 56 7 | 2.04 
220] § 49 | FG 33 3 | 1.95 || 340 | S 20 | GE 74 9 | 2.08 
240 h 33 | GE 75 8 | 1.905 | 350 s 43 | G 35 3 | 1.86 
260 h 37 | FG 13 3) x8e 1 | 
280 h 38 | G 35 I | 1.69 |} +55 ° h* 25 | E 39 5 | 2.01 
300 h 37. | FG 44 5 | 1.86 || | 10 s 8 | GE | 380 | 32 | 2.78 
320 h 29 | FG 40 | 4] 1.80 | | 4zo} s* 17|E 20 2 | 1.87 
340 h 21 |G 38 S$ Page i | 30 s* 25 | E 16 ee ey 
1} 40 s* 25 | GE 17 3 | 1.85 
+65 ° s* 13. {| E 18 5 | 1.82 || | 50 | s* 23 | GE 16 3 | 1.81 
20 s* 19 | E 12 I | 1.65 60 | s* 25 | GE | 22 2 | 1.096 
40° s* 19 | E 17 3 | 1.80 || | 70 s* 43 | E 37 6 | 2.19 
60 s* 23 | E 12 ° | 1.65 || 80] s 35 | GE 57 8 | 2.00 
80 s* 10 | F 13 1 | 1.95 | go] s* 290 | F ao) brs 
100 s 35 | E 51 3 | 1.91 || 100 | s 390 | GE 58 5 | 2.01 
| 120] s* 14 | E 17 3 | 1.79 || | 110 | s* 2¢ | E 33 5 | 2.10 








* Symbols are: 8, \=galactic latitude and longitude; “h’”’=100-inch, “‘s’”=60-inch, Z=zenith dis- 
tance at mid-exposure, Q =quality of plate, NV: =number of nebulae actually counted, J=number within 
central circle (diameter 10’ for 100-in., 13/8 for 60-in.); corrections from Tables VI, VII, and IX, added to 
log Ni, give log N, N being the number of nebulae for an hour’s exposure of excellent quality at the zenith 
with the roo-inch. All exposures are 60™ except those for which “th” or “‘s”’ are starred. A single star indi- 
cates a 30™ exposure and a double star (one field only, B= +55°, \=130°), a 45™ exposure. 

Two fields of quality P (8 = +35°, \=300°; B= —15°, \=140°) are included for which the quality factor, 
20 : 0.70, is not evaluated in the text but represents a result of low weight indicated by a dozen rejected 

plates. 
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= | ts | 14 | E TS 4 | 1.74 | 130 s* 21 GE . 3 ig 
ete | ae 10} 4 | 1.67 | 140 | s* 1s | FG] 15 pS 
100 | s* | 16 |G I4 3 | 1.82 || nee 5* k x 15 3 | £.02 
= } h 10 a 33. | 8 | 2-80 1 160 | oe ~ 3 + 
; s 33 i 53 ? | 3.058 II 170 h ee FP 3} 1.70 
od Oe ed oe A Ad, ei al ate tee ghar 
200 | fA | 22 ss 76 8 | 1.99 | 190 h 27 F : or) eens 
210 s | 28 | GE 14 4 aS rhe h* a GE 30 4 | 1.78 
22 | h | 34 FP 31 4 5.08 | rd 3 eo G 4 ze I 1.78 
230 | s¥ | 34] E 27 r | 2.03 |] 220 | § Oe < oth Bek: 
240 | s* | 42 F 8 "ie pad S 43 E I 5 1.71 
is # | } j e ° I.d0 | 230 s* 1 F es . / 
250} s* | 40|E 32 | 2 | 2.12 | 240 | s* S| G a) Se) ae 
260 | s* | 47|GE| 17| 2] 1.91 | 0G Be int, BS 1S | 2] 1.93 
e 7O | § 41 GE 75 I4 2.14 } 2600 ot = F II : 1.79 
280 |} s_| 42] GE 77 9 | 2.15 | 2 * : ( 9 3 | 4-79 
290 | h* | 41 | FG 1s | o| 1.82 | ant “ G 45 3 | 1.08 
goo!) <s: | coo}oFG?| -g5/|' 3) | 1-08] ai 5 ; 31 1 | 1.79 
310 |} h* | 36) G 22 a ly Se | 2 “s 49 | G 20 5 | 1.99 
320) 6 | gr | -GE 75 6 |} aixr:] = 2 47 F 20 4 | 1.07 
gs0' | H®) 30 1GE |] 35°] 3 |.2,er | <i h a a 42 | 6/ 1.81 
gine ls 28 | GE| 72| 9 | 2.08 | 330 | I oe eG 36 | 2) 1.84 
350 | h*| 23|G | ar | 4] 1.83 || ety My Be 'G | 48] 4 | 1-92 
aa || 34 28.) GE. | 420 | 9 | 2-3 
e | 350 h* 21G 3 
59° ° . 14| FG 66 8 | 2.00 | ’ ta ” 20 2 | 1.86 
IO 2 19 | G 60 6 | 1.80 | 
890 ° ° 2 ? - 
20 h 31 FG 61 3 2.00 | 4 10 : 29 : 5° 6 2.00 
30 | s 144|G 22 1 | 1.60 | ae I a 44 6 | 1.97 
£4 Be Be 33 | 4| 1-79 | ay Be RG} se] 3 | 2-97 
eda We 35. [oo 38 | r | 1.88 | 40 : a ‘E 44 4 | 1.01 
00 (Bs 37 | E 30 r13r.68-} so| s tS GE 37 a ee ay sj 
7O s 30 G 33 2 1.82 | 60 = Bi a4 48 9 I.go 
50 |} Ss 41 | GE 22 3 | £6Go.t . e 3° GE € 2 | 1.61 
go] s ; + FON, Ss 38 | FG 2 > 
s 41 | G 40 5 | r.92 | 80 Ss 411 | GE 24 aN SE, 
100 | s 37 | G 23 211.66 | ped : 4 E y 34 & | 5.79 
110 | s 41 | GE 32 2| 1.77 | Ei ; 44 ae 45 4 | 2.06 
120 / 5s 45 GE 36 3 1.83 ant = 42 E x at 2 1.72 
130 |] s 35 | GE 58 | 12 | 2.00 aah os rod 5° 7 | S208 
1490} S | 22 | GE 29 2 | 1.67 | aa : 34 I: 32 6 | 1.81 
ro) oh | 37 PE 26 | 2 | 1.73 | ao ae she FP 77 | 28) 2-07 
100 h | 23 FP aol) “DP a.g2 150 | 5 "8 | F 21 5 | 1.95 
- . | . s Q 5 32 5 : 
4 h 26 | F 49 7 12.06: 160 h Ra ie 32 S15 Oe 
180 | h 21 | FG 53 5 |) EOE | 170 | ¢§ . GE 107 | 23 | 2.16 
190 | h 37 | FP | 23] 4] 1.85 | of od 8 Sir i is 6 | 1.90 
ae h 25 | F 35 | 7 | 1-84 | 190 | h ed F y a hee: 
chest (ii S51. 84 | 16 | 2.22 | 200] 5 og Ar oe ee at 
220] § 40 | GE 42 4 | 1.87 | coat ae C 28 | 9 | 1.05 
230} $s 4o | GE 41 4 | 1.86 || eee h 45 EG QI | 15 | 2.29 
240 | S 47 | GE 2 5 1.1.99 || sue h 43 i OS | II | 2.22 
250 | s GE | 23 / | hed) 23 51 | FI 23 | 4 | 1.0% 
. 44 rh 28 5 o92:1 240 h <9 F 
pice s 47 | FG 21 1 0.34 250 h 2 FG 10 r |, 2-59 
ayo. OB | Ge G 37 7 | 1.93 ] s66 z = FG 3t § | &.79 
280 s | 43 GE 24 eh .6a:1 one h 59 he 25 1} 1.72 
2900} h | 47 F | aa 57 FG or | 2.12 
| ‘ 4 4° 4 1.96 | 280 h ¢ We : 
300} h | 43 | F st | 7 | 2.05 || ; 56 | BG | 34] x | ¥-85 
310 | h | go| FP | | me a 290 | fh 54 | FG] 46] 4] 1.06 
320 I | - > ri 1.75 | 300 h 52 FG 48 > I ” 
20) A 46 | F 32 s | ¥.37 | 310 h 3 | FG -_ 2 97 
33° h 34 | FP 22 o | 1.83 | 320 h ¥ FG oi! 4} 1.79 
S40, Hh | age [#8 4s | 3 | 1.96 | es 43 EP 48 | 6 | 1.92 
350 h | 39] FP 32 : Sena ‘ 37 ae 13 3 1.60 
. || ya h | 43] FP | ro} 1] 1.51 
- ° % | 1g 42 | © | 2.19 } - ' | * 37 3 ees r 
10 n 15 | 6s | 13 | 1.81 || +35 
. : . a | ° . 
om h |} 3 | GE | 67 | 10 | 1.87 | a IO B a GE 3° Oo} 1.61 
30} h 29 | GE | 72] 6] 1.92 || 20 | h : GE 55 | 3] 1-79 
4o| s | 21|G so| s | 1.o7 || z 5 | GE} 30] 4] 1.52 
soils | iss | GE) « - “it 30] Ss | GE| 43] 4] 1.8 
vs af 4 ae a a . “( 4 
Go; s | 48 G 39 ; | 1.04 | = = 23 | FG 17 2] 1.58 
= | aint ‘ | sO . wal 2 
70 s | 53 | FG 25 s | 1.86 || 2 s 27 | FG 9 1 | 1.31 
80] s <2 F ia > | ° 5 30 F 2 > 1.81 
é 32 i 17 3 1.75 || 70 s 3( GE . ‘ 
a IS 41 | F 20 2 | 1.80 |} 80 2 39 <a 33 CH) ie ee i 
100 | s* 39 | E 50 5 | 2.31 | . ° 44|G_ 22 2 | 1.67 
| | : | F : 1] = i St GE 43 ve) 1.93 
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B | nN | | Zz | Qo |: | I | tog 1 | r) N eieinis | log. A 
+15° | 210°} h Pal Wa II a eee Yt ea go’| s 23°| G OM calls Avvo 
220 h 59 | F 7 ¥ | .2.30"% 100 s 22 |G 2 oO | 0.57 
110 s 24 | FG I ° | 0.36 
320 h 60 | FG ° 120 s 37 1G ° 
330 h 58 | F Oe ncchvacwes 130 s 6|G ° 
340 h 47 | F ° 140 h 27 | F ° 
350 h 37 | FG ite ox wilenec-aie 150 h 23 | G ° . 
160 h 50 | FG II 2 | 1.32 
10 ° h 361 F 7, ES (5 SE te 170 h 28 |G 7 ° | 0.97 
10 s 25 |G 2 1 | 0.58 180 h 50 | FP ° aa 
20 h 15 |G 7 I | 0.95 190 h 46 | GE ° 
30 h 21 | FG I oO | 0.19 200 h 55 | F ° 
40 h 15 |G 44 | 10] 1.74 210 h 63 | F 2 °o | 0.79 
50 s 14|G 22 4 1-23.60 
60 ~ 22 |G a eee 330 h 64 |G 2) UNAS aes nie 
70 s 34 | FG Ge llisivaters-< 340 h 60 | G ° 
80 s 4o | FG ° 350 s 46 | I ° 
go s BS. 148s ot Pe eee 
100 s 39 | G Ope Staseene: 10 ° h 390 | F ° 
IIO s 38 | GE ° | 10 s a6) \G ° : 
120 s 26 |G O |...-]--.05. 20 h 25 |G 9 1 | 1.07 
130 | s 41 | F 3 r | 0.98 || 30] h 14] G 4 | 0] 0.70 
140 s 25 |G 7 Oo | 2-33] 40° s G 2 o | 0.59 
150] 5s 34 | FG 2 ° | 0.6! | 50 h s | FG II o |] 1.29 
160 | h 27 |G 7 2 | 0.97 | 60 s 21 |G 7 zi 1.12 
170 h 71G IO a Be eee | 70 s 26 |G 12 4 | 2.36 
180 h 50 | F 3 t | 0.86 || 80 s 28 |G 23 4. | 326a 
190 h 40 | FP 10 o | 1.50 || go s 25 | FG ° ales : 
200 h 47 | G 25 8 | 1.58 100 s 20 |G 9} xz | 3.22 
210 h 55 | F 21 Ee ae fe 110 s 37 | G 17 | gh eties 
220 h 63 | FG 3 2 | 0.87 | 120 h 50 | FG 6 | £1 3.06 
| | 130 h 38 | F | eae 
320 h 5|G ney See Motorist } 140 h ag ta PO es OH ha ease 
330 h 55 | F phe Sask s ac se 150 h 23 | | 7 I | b.%4 
340 h 47 1G ° | 160 h 26 | G | 
350 h 44 | G Tl APSE Tae a 170 h 33 | G S| 
180 s 41 | G | ae 
+ 5 ° h 36 | FP OL act aaaene 190 h 48 | FG Giardia 
10 h 24 | F 4 | 2 | 0.90 || 200 h 57 | FP 4 1 | 1.20 
20 s oe | Cg (i eg saad 210 h 65 | FP 4 o | 1.29 
30 s 18 | G I | o | 0.27 | 
40 h 6 | FG | 2 o | 0.48 34 s 56 | FG ° ABS Serra 
50 s 30 | G ° | 350 s 46 | G ° , 
60 s 24 | FG ° 1 
70 s 44 | F tel (Pegeten (eer 15 ° h 47 | FP 16 ee Se i 
80] s 43 | F Billing tote wees | 10 h 30 | F 22 3 | 1.67 
90 s 37 |G ° .| 20 h 38 | F 10 tr | 3.33 
100 s 33 | G ° J 30 s 26 |G 10 1 | 1.28 
110 s 32 |G OS aes ee | 40 s 17 1G 9 I 1.22 
120 Ss 38 | FG Bee eae 50 Ss 38 | F 4 I | 1.09 
130 s ra G ° | 60 h 32 | G 39 21 3,94 
140 s 10 | G ° } 70 s 35 | GE 12 o | 1.32 
150 h 32 |G 3 °o |} 0.61 80 s 18 | G 22 Cw pe 
160 | h 38 F Ol acekschaen go h 48 | F 22 z | 2.72 
170 | h 24 |G 2 o | 0.42 100 s 19 | FG 13 1 | 1.46 
180 | s 32 | I 2 o | 0.59 110 h 45 | FG 7a | 25:1 29.22 
190 h 44 |G Oban ca tenneds 120 h 40 | FP 5 o | 1.20 
200 h 49 | I Coen ene | 130 h 31 | G II e. €-27 
210 h 52 | F 7 o | 1.24 | 140 h ee eg 3 o | 1.18 
| 150 h 18 | F i ore “e- 
330 h 63 | FG TE ESA, Ce | 160 h 29 |G 21 an ncaa 
340 s 50 | F ° . 170 h 43 | G 23 2|1.§2 
350 s 42 |G alee actee eae 180 h 44 |G 3 I | 0.65 
| 190 h 50 | FP 14 o | 1.70 
— 5 o}| h 37 | FG Gaituccdiiote se | 200 | h 62 | FG 44 4 | 2.02 
10 h 28 | G Sr [et eae ape) (Re pea 
20 h 19 | G Oivlec Glatnisc usc | 340 h 9o|F i) Se 
30 h 27 | FG Bon sos bso sere | 350 $ s2 iF I © 1 6.55 
40 h 25 | FG ° bt ees 
50 h 30 | G ° sila oasis ie —20 ° h 43:1G 16 © 8.36 
60 s 12/|G oil Paeaeee Pama | IO h 38 | G 20 rl tas 
70 s 2. FG 7 1 | 1.20 | 20 h 50 | FG 14 6: | 243 
80 s 41 | F | at Paes, anger | 30 s 39 | FG 13 2]|1.50 
| | 
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TABLE I—Continued 
































! | | |] | | 
p |. | [ 2} @ vs | 1 {ton ¥ | 8 | N | z | o |. | 1 [tog 
40o°| hh 33°| GE 13 r | 1.18 || —35° | 30° | h 43°| GE] 27| 2| 1.53 
50 h 6 ra 12 E | ¥.26 | 40] Ss 25 : 2 Oo} 1.54 
- ; z ss jo x ae 
eo) el} gle el sirs 6} Bhs | Bie) ele 
7 2 ‘ 2 34 || ‘ 27 iE , t 
80 h 43 | F 30 7 | 1.82 | 70 h 34 | GE | 125 | 11 | 2.18 
go s 16 | F 14 3 | 1.60 |} 8o h 34 | GE | 52] 6] 1.80 
100 h 28 | F 45 s | B.08 Il go s 14 GE | 33 3 lr 72 
110 h 26 | FG 36 5 1.76 | 100 h 45 E ’ 69 5 | 1.91 
120 : 25 : 37 7 | 1.69 i| IIO : 30 - } 29 2 hese 
130 1 25 ; 9 oO] 1.25 | 120 n 33 Y 4s re a eo 
140 : 19 4 o | 0.79 | 130 h 50 is | 4o I | 1.80 
150 1 23 | F I o | 0.29 | 140 s 390 iE 2 © | 0.55 
160 h 27 2 36 3 | 1.68 || 150 50 oa 17 3 | 2.39 
170 s 4! 1 4° 5 I.Q2 || 100 §2 aK 39 2 1.74 
180 h 43 | FP 14 3 | 1.66 || 170 h 45 | F 21 3 | 1.67 
190 h 50 FG 75 | 17 | 2.16 || 180 s 49 Gs 16 | 2.85 
200 h 61 | G 41 6 | 1.90 || 190 h 58 | FI 18 4 | 1.87 
| 
340 h 60 | G 6 2 | 1.06 350 h 57 | FG 27 2|1.76 
350 s 53 | GE 9 1.26 || 
|| 40 ° s 52 | GE 42 | 11 | 1.03 
25 ° s 46 | GE 18 o]}] 1.54 || 10 s 45 |G 20 5 | 1.79 
10 | 5s 2| GE 2 2) 1.56 |] 20 s 38 | E_ | 64] 13 | 2.02 
20] s 3 | GE 20 r | 1.56 || 30 s 32 GE | 35 8 | 1.77 
30 s 40 GE 44 6 | 1.92 | 40 s 29 E a 48 8 | 1.86 
4o s 21 Se 12 3 | 1-43 || 5° s 22 _ | 2 8 = 
50 s 45 E 33 ef EPS 0 s 23 Y 47 3 | 1.84 
6e s 33 G 17 8] 1 Sa | 70 s 17 1°G 55 6 | 2.01 
"20 | s 27 | GE 41 3 | 1.83 || 80 s 20| E 61 5 | 1.96 
80] s 32 | GE 22 2 | 1.57 || go s 15 | FG 27 4|1.77 
90 s 36 | GE 62 5 | 2.03 |} 100 s 22 E 75 | 14 | 2.05 
100 : 20 : 56 | 14 | 1.03 |} IIO s 18 : | 35 6 + 
110 1 2 ‘ 25 & | 2.92 |i 120 s 27 7 45 5 | 1.83 
120 h 20 - 51 | 10 | 1.76 i} 130 : 26 | a = 5 _—_ 
130 s 50 . 20 3 | 1.84 |] 140 27 °G ) ° | 0.9 
140 Ss 32 | FG 6 bt ke¥s | 150 h 57 |G 24 2 | 1.63 
150 h 26 | FP A eae ey | 160 | h 52 |G 25 2| 1.61 
160 h 41 | FG 12 2 | 1.32 || 170 | h 46 GE | 70 9 | 1.97 
170 h 46 EP 20 e | 2.83 | 180 | h 54 | G | 2 3 | 1.65 
180 h 46 | FG 32 2) 3-77 i} Ig0 h soi G@ | s3 5 | 1.98 
190 | h 50 | FG 42 7 | 1.90 || | : | 
| 350 | h 59 | EF | 20 t | t.75 
ee ? z i a ee h GE 6 6 | 1.91 
350 s 55 y 12 3 | 1.37 || 15 ° 54 i 5 9 
‘i os "| 10 h* 47|G | 14 e L .93 
° s 48 | GE 25 I | 1.69 | 20 h* 41 GE | 50] § | 2.20 
10 | 5 2| GE 25 41 ¥:66 30 h* 35 GE | 16 1 | 1.68 
20 | s 43 | E 16 I 1.42 || 40 h* 3a} | 25 2 | 1.61 
go 1 s 37 | E 28 2 | 1.65 |} 50 h* 35 1B | 2 2 | 1.80 
qo} Ss 38 GE 28 2 | 1.70 || 60 He 30 . 34 8 1.96 
sol s 20 GE 17 4 | 1.44 |i ~ 21 | : | $2 iz: a 
60 | s 10|/ E 25 2} 5.56 |i 80 h 45 » | 46 7113.83 
70 s 31 | GE 31 6 | 1.72 || 9° h 36 E 56 3 1 3-96 
80 s 14 |G 66 5 | 2.08 || 100 h 43 E we 9 | 1.93 
go] s 24 G 18 8 | 1.96 | 110 h 33 GE | 54 5 | 1.80 
100] § 15 E 89 | 11 | 2.11 | 120 h 42 |G | 30 a1 3G 
110 s 25. FG 53 6 | 1.99 || 130 h 35 a G3 7 | 1.87 
120 s 30 GE 55 19 I.Q7 | 140 h 37 |G 21 I 1.46 
130 $s 390 24 5 | 1-77 || 150 Ms 49 ; “ 9 — 
140] $ 51 | Fk 34 | 5§ | 2.07 | 160 44 | F 7) 5 | 2-1 
150 h 24.1 -E 21 3] 1.64 | 170 s 48 | E 45 6 | 1.90 
160 s 38 | G 28 6 | 1.76 || 180 h 53 | F 36 5 | 1.96 
17 h 41 FP 16 31 2.92 ifs 
180 h 51 rG 20 2 | 1.74 | 350 h 60 | GE 45 6 | 1.87 
190 h 56 F é 37 2 | 1.99 | ca 
200 h 64 | GE 41 2} 1.88 | —50 ° ; 56 o 77 9 | 2.07 
10 51 °G 43 4 | 1.01 
340 | h 64 |G 13 4} 1.44 20] § 43.|.F _ 35 | 4 | 2.04 
5 h 57 | FP 12 1.68 30 h 39 ti 39 4 | 1.82 
40 s 40 2% 411.04 
° h 53 | FG 21 3 | 3.62 50 | h 33 | F 49 7 | 2.00 
IO s 50 FG 25 2/1.84 60 s 40 F 28 6 | 1.94 
20 | h 47 | F 22 4 | 1.70 || 70 h 43 | F 61 Si 4c8 
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TABLE I—Continue 
B | rn | 1 Zz] QO |M | 7 {logy B | » | | Z|Q|N: | I |logN 
—50° 80°} h 34°} F a5 | 2 | 5.92 1] —6o° | too] bh } -64°):GE |] 36 § | 2.85 
90 | h 33.1 FG | ax) 3°] 2-53) | | | | | 
1oo | h 37 | F 26 2 | 1.73 || | 350 | h 64 |G | 25 411.73 
110] h 40 | FP | 22] 1 | 1.87 | | 
120 | s§ 44 | GE 65 | 19 | 2.08 | 65 o}] h 60:(-GE} 43} 3} 228s 
r30 | s 35 | F 25] 5 | 1.88 || 10] h 56 | GE ET Oe th ee ae 
140 s 45 | FG 390 5 | 2.00 20} Ss st | GE |. 37 | <s:-| 1-87 
150 h 42 | F SI.) 4 | 2.08 30 | Ss AS |e |) GAG |, 4S. | B92 
160 h 44 | FP 2 3 | 1.90 40 s 51 | GE | 36] 4 | 1.86 
170 h 51 | GE 57 | 10 | 1.90 50 s 43 | GE a4 1 3/1 2.978 
180 h 56 |G 81 | 6| 2.15 60 s 40 | E 58 | 10 | 1.97 
190 h 62 |G 29 | 3] 1.76 70 h 46 | FG a4.) 4.) 2.70 
| 80 s* 39 | E 21 3 1 1.93 
350 h 62 | GE 45 2 | 1.89 | go h* 40 | FG 30 | 3 | 2.22 
100 s 39 | FG 65 6 | 2.20 
55 o| h 59 | GE 70 | 7 | 2.06 | 110 h 38 | G 32 | 21] 1.66 
10 s 5: | GE 47 711.07 | 120 s 41 | I 52 2| 1.94 
20 h* 41 |G 21 r | 1.88 | 130 s 45 | GE 30 | 2) 2.95 
30 h* | 44 |G 34 1 | 2.10 || 140 | 5s 4o | I 31 | 5 | 1.70 
40 h* 40 |G 16 rh e.75 |] 150 $ 48 | I aq} OO: £84 
50 s 34 | GE 40 r | 8284 160 s 52 | GE] 4o| 7] 1.901 
60 s* 3601 E 14 O:| 2595 170 h 56 | | 33 | 4] 1.66 
70 s 42 | GE 43 7 | 1.89 180 h 60 | I aa] x ).2.82 
80 s 36 | FG 34 6 | xcor | 
90 h* 34 | FG 23 2|/1.98 || 70 o| h 61 | FG 17 | 4 | 2.04 
100 h* 28 | F 14 . 128s 20 h 58 |-G | 83] 3% | -2.08 
110 s 30 | E 48 4 | 1.87 || 40° h 48 | F 26 | z | 2.978 
120 s 33 E 47 7 | 1.86 | 60 h 45 | F 43 6 | 1.098 
130 s 39 | E 42 6. | 2.83 | 80 h 43 | G 61 7 | 1.05 
140 s 42 | E 54 6 | 1.95 | 100 h 13 ie 68 6 | 1.990 
150 s 43 | GE 32 y 112.77 | 120 h 1 F 43 2 | 1.08 
160 s 46 |)E 45 9 | 1.89 | 140 h 51 | G 62 | 8] 1.99 
170 s 52 | FG 20 Oo | 2.75 160 h 54 | FG ae | 6g | Be 
180 h 57 | FG 28 3 | 1.78 180 h 60 | FG 13 | 8 | 2.04 
| | 
350 h 63 | FG 25 2| 1.79 | 75 ° h 61 | GI 32 sl 4 74 
| 30 | s 54 | G 34] 7 | 1.91 
—60 ° h 59 | FG 52 | 1m | 2.07 60 s 49 | GI 20 1-398 
10 h 53 | G 45 5 | 1.87 90 s 48 | G 23 e | 2.9% 
20 h 49 |G 63 | 8 | 1.90 | 120 s 19 | I III g | 2.30 
30 h 4s | GE 98 | 13 | 2.10 | 150 h 54 | I 27 2/1 1.83 
40 h 43 | E 34 | 8 | x.50 | 180 h 63 | GE 64 3 | 2.06 
50] s 43 | G 32.) 243-05 4 | 
60} h 41 | F 30 | 4] 1.82 | 80 o} h 62 | F eS" gh 2283 
70 s 44 | GE 76 | 11 | 2.15 | 30 h 58 | GE 61 8 | 1.90 
80 h 34 | FP 2: x | 3.8 | 60 h 53 | G 13 3 | x.8s 
go} s 49 | GE 51 9 | 2.00 | go h 53 | G 109 | 7 2.26 
100 h $7 1-2 44 4 | 1.96 || 120 h 53 | G 63 I | 2.02 
110 h 44|F 46 3 | 2-08 |] 150 h 58 | GE 148 | 20 | 2.37 
120 s 42 | GE 27 4 | 1.69 || 180 h 62 | FG 58.| 7 | 2-34 
130 h 51 | FP 25 2 | 1.95 | | | | 
140 h 42 | FP 28 2|1.96 || 85 30 h 60 | FG ox i & | x.0F 
150 | h 46 | F 2 2 | 1.08 || go h 57 | FG 5 r | 1.87 
160 h so | FP 24 S 13.03:1 150 | h 59 | F 28 2 | 1.90 
170 h 55 |G 4o ee es a | | | 
180 | h 60 | G 43 4| 1.91 || —90 |..... | h 62 | GE| 40 2] 1.93 
1] | | | | 


























tually counted) and AZ, AQ, and AE as derived from Tables VI, VI, 
and IX, respectively. The first entry (8 =+90°), for instance, rep- 
resents an hour’s exposure with the 1oo-inch of excellent quality at 
Z=309°, on which 71 nebulae were counted. Log JN, is 1.85, AZ is 
0.05, AQ and AE are both zero, hence log NV, the sum of these quan- 
tities, is 1.90. 

Tables Ila, 6, and c give the extra-survey plates conforming to the 








THE DISTRIBUTION OF EXTRA-GALACTIC NEBULAE 21 


standard conditions and centered on co-ordinates, stars, or small 
planetaries. The arrangement is similar to that in Table I, with the 
addition of EZ, the exposure time in minutes. The 27 plates with 
twenty-minute exposures in Table IIc were included as bearing on 
the relation between log N and log E. 


TABLE IIc* 


100-INCH; EXTRA-SURVEY FIELDS 








| 
p | E|o|z|m|z|bey ep |rxlelo|zim|r lew 
+85° | 168°} 60 | GE 42°| 130 | 6 | 2.21 — 9° 42°| 130 | FG | 38°| 10 3 | 0.78 
84 208 60 | FG 46 64 6 | 2.07 9 119 | 60 |G 10 5 I | 0.80 
81 | 23% 60 | FG 35 05 Q | 2.20 9 119 | 110 | G 25 42 * |) 2.46 
78 242 60 | FG 23 54 5 | 1.92 || 12 78 | 60 | FG 51 15 1 | 1.46 
75 243 45 | GE 24 43 3 | 1.86 l] 14 | 133 | 100 | FG 9 6 2 | 0.67 
| 
75 | 262 60 | E 2t | 150 | 18 | 2.19 15 355 | 60 | GE | 46 9 i £.07 
74 | 249 60 | F 21 a ee eee 16 IO 60 | G 4! 27 3 | 1.590 
74 | 262 60 | E 23 | 120 | 13 | 2.09 16 158 50/G | 28 12 21 2.33 
74 | 276 60 | E 28 | 127 | 27 | 2.32 I go 60 | FG 13 87 5 | 2.12 
73 | 250 60 | I 29 | 132 | 16 | 2.14 22 89 60 | G 14 71 | 12] 1.905 
73 250 60 | FG 30 68 2 | 2.04 22 | go 60 |G 6 Q2 | 13 | 2.06 
73 288 60 | E 25 | 138 8 | 2.16 25 | 130 50 | FG 32 33 3 | 1.84 
72 237 60 | G 3I 5¢ Ir | 1.89 27. | IQI 60 | GE 56 65 7 | 1.99 
72 300 60 | GE a2 | Iam] 85.1 Fa 37 | 22 40 |G 45 14 oO | 1.55 
70 22 60 | G 22 | 252 | 22 | 2.51 7 | 60 | GE 37 62 9 | 1.87 
| 
70 | 253 | 60|G 43 71 4 | 2.01 | 40 | 145 | 60] GE] 35 29} 2| 1.54 
70 310 60 | GE 28 | 196 | 30 | 2.35 | 40 | 155 60 | G 48 36 41 1.99 
67 221 60 | G 27 84 4 | 2.04 12 | 104 30 E 15 42 6 | 2.02 
66 | 255 60 | FG 41 80 | 10 | 2.14 || 52 | 87 60 | GE} 28 41 1 | 1.67 
65 323 60 | GE 37 | 352 1 25 | 2.26 || 53 | 187 60 | FG | 60 48 7 | 2.04 
63 o | 150 | GE 40 | 363 | 41 | 2.12 || 54 | 22 30 | G 46 23 1 | 1.04 
63 257 60 | FG 36 | 100 | 16 | 2.22 || 56 | I00 30 | F 28 | 24 2 | 2.08 
59 259 60 |G 37 | 101 9 2.14 || 60 107 | 40 | FG 45 | 4! 4 | 2.09 
58 318 30 | FG 18 20 2] 1.89 I] 7 | 371 8$1G 50 | 123 | 13 | 2.09 
56 200 60 | F 23 oo") 10: | 2-327 || —72 | 40 | 135 GE 51 | 301 | 36 | 2.15 
40 325 60 | GE 46 41 Oo | 8.93 | 
40 | 335 | 60| E 30 | 44] 3] 1.60 |} 
34 | 232 | 60 | FG] 52] 45 | 4] 1.94 || | 
28 39 60 | GE 19 93 | Ir | 2.02 || 
+11 IgI 60 | FG 40 16 2 | 1.46 || | 
1} 












































* Necgiiaedan time in minutes. Two fields at B=+73°, nearer ciiien aia IO per cent; two at 
Table te 19° overlap about 5 per cent; two, B= +75°, \=243° and B= +28", A=30°, are also included 

Tables IIIa and 6 list plates conforming to the standard condi- 
tions but centered on selected nebulae. Reduction to the homoge- 
neous system requires elimination of the central nebulae and correc- 
tion for the areas they cover, the corrected counts being designated 
by N{. For this purpose the products of the two diameters in min- 
utes of arc, ab, are listed, from which, on the assumption that the 
images approximate ellipses, the fraction of the inner circles, 7, can 
readily be estimated. Since very large nebulae are not included in 





22 EDWIN HUBBLE 


the table, NV; differs but little from N,, and, in general, VN} =N,—1 

within the uncertainty of the counts; but for deriving distance cor- 
TABLE Id 

60-INCH; EXTRA-SURVEY FIELDS 















































| | | | | nats 
elrxaleloel|zimulaioni| ep | xa} el] oe] zi | 7 |bgy 
+87° | 28°} 90|G ag" 4 8 | 1.87 || +28 30 60 | GE | 18 54 9 | 1.04 
85 | 13 | go | G 36 | 124 | 21 2.16 |} 23 | 187 60 G |} 30 607 2 | 2.12 
80 | 163 | 60] E 12 | 85 | 6 2.09 15 25 60 | G 5 22 | 6 1.60 
78 | 172 | 90|G_ 9 | 100 | 26 | 2.03 |} +13 19} 60/G | m4] 4] 1] 1-41 
75 243 | 60 | GE 21 | 79 | 11 | 2.11 —12 119 60 | FG 17. | 26 | 1 | 1.83 
| | | | | 
| _ Ri. ol | 
70 161 60 | G 19 | 7 | 2.95 13 118 60 | FG II | me. 3 1 2.02 
690 228 60 | FG 26 60] 5 2.1 19 19 60 |G 31 | G1 6 4) B22 
67 220 | 60 | GE 7 QI | 10 2.20 || 25 15 60 | Gk 2 2 Ab E04 
61 200 60 | G 45 | I] 1.9 | 25 35 | 60 | GE 26 1 | 2/| 1.48 
60 | 158 | 60|G 3 2: Sub gi6 26 95 | 60/1G 8 | 67 8 | 2.09 
60 201 60 | GE 40 36 | 11 | 1.85 35 145 60 | I 27 | | 2] 2.20 
58 114 | 100 | GE 27 | 176 | 15 | 2.18 36 60 60 | G 19} 75 ie re 
58 200 60 | GE 40 | 390 cg] EyBd- | 49 | 38] 60 I 51 46 7 | 8.02 
55 22 60 | GE 51 44 6 | r.94 {|| —Sz | 10% 60 | FG 32 17 | 63°} £260 
54 201 60 | G 28 | 133 | 13 | 2.41 | | | 
| | | | 
44 I 60 | G 51 8 | 1.87 || | | | | 
41 206 60 | GE 35 7 20 | 2.13 | | 
40 | 59] 60 | GE | 37 Z| 8:56 |) mA 
35 | 112 | 60 | GE 30 56 | 10 | 2.00 || | | 
+30 180 | 45 |} FG 21 23 2 | 1.88 | | | 
| | | | | 
TABLE IIc* 
60-INCH; EXTRA-SURVEY FIELDS; 20-MINUTE EXPOSURES 
a oe, REPRE | er eS et wis 
B ZO ae | og Na| B W| Z/ QO |M |] I | log, 
| igh ‘ < ag ¢ Si ot SAT finite - aad ee ae arts hee " i : : 
Pe ese eee un Kae E * 18 fag) | Bags) peas itoo: | 33°81 | a I | 1.42 
74. }-3u5| .28-)'GE} to} 0 | 2.22 || §3..«-+ | s2| 32|E | 19 I 1.47 
73 313 | (25 |B. | a8") 2° | teaw ||) (S42 . | 36] 42|/GE| 11] o | 1.30 
63. 323 | 24|GE| 24] 2 | 1.60 54 [ Jpn || sao |e | © | 2.33 
63. | 325 | 24 | E | | 2 £36 || §5 35 | 45 | E al ae a ee Se 
| | i | 
62.. | 338 | 28 | GE} 23 5 1.58 55 50 | 37 | E 26:1) 4 | 1.61 
62.. 340 | 33 | B | 326) 3 1.39 63 | 99 36 | E 20  ) hae 
60.. 20 | ar 15 |} 40 | 2 1.19 || 63 118 | 41] E 22 | a- | i560 
50 . 24 go [MS— |) ert 4 1.51 |} 64 | 100 | 36] E Sait oA | 1.92 
59 28 | 37]E | at] 06 1.52 || 64 | 119 4r |"E rs: «3 | Bas 
- || Be | 
58 34 | 42|/GE] 6] 1 1.04 | 65 | 100 38 | E 34 | 4 | 1.74 
5 30 | 31 GE 13 | 0 1.34 ||—965 | 120 | 40] E 21 2 | 064 
aS 40 | 38 GE he ee 0.95 |} | | 
53......| 204 | 42 | GE 17 ° 1.49 || 
BM otal | 247 | 43 | GE} 10} o 1.26 | | | | 
| | | | 1] | | | 





* N,=corrected number of nebulae for a 20™ exposure. To obtain log NV, corresponding to the standard 
one-hour exposure, add AE = +0.63. 
rections or ‘‘coma factors,” by which the counts are eventually re- 
duced to uniform definition over the entire plates equal to that in 
the central circles, the procedure is essential. 
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TABLE IITa* 


100-INCH; FIELDS CENTERED ON NEBULAE 















































| | | | 
NGC | B | r | E | Oo | 2 i & | I | ab | Nt | log N 
1 +87° 160° 60 GE 6 66 5 60 71 1.89 
OFM se a din etarev che 87 303 120 G IO 108 I 100 120 1.78 
BOB oe ii Sen ets 79 169 60 FG 47 54 4 0.7 53 1.98 
MRS: wena cae 79 230 60 G 29 72 14 27 7 2.00 
30 FP | 39 12 2 2 II 1.94 
4651 78 260 60 F | 32 35 2 9 34 1.84 
4192 75 240 40 I | 25 77 I 100 84 2.17 
4762 73 276 | 135 FG | 29 157 2 8 156 I.Q2 
4178 72 245 60 G | 43 68 5 9.5 66 1.98 
412 71 242 60 GE | 24 81 8 48 86 1.99 
| . 
4535 70 261 60 F | 31 53 I 100 56 2.06 
4012 70 266 6o | F 29 | 43 5 1.6 41 I.Q1 
4532 F 68 262 60 FG | 27. «| 907 > 4.8 05 2.18 
4215 2 607 250 40 G | 37 | 40 6 | 0.3 39 1.96 
3430 65 162 60 F | 31 | 46 $ | 62 45 1.96 
| | 
3480 63 203 60 G | 26 75 8 2.2 74 1.99 
5363 62 310 15 E | 30 38 4 | 2.6 37 1.77 
3412 60 202 a | F | 35 | 20 I | 2.5 19 1.77 
5829 50 ° 80 | G | 14 187 35 | 3.2 187 2.20 
MOE a ee os | 57 268 60 G | 39 | 78 5 | 12 78 2.04 
| 
3521 | 53 223 60 | G | 34@ | SS I 100 61 1.93 
4742 52 272 9o | F |} 46 | 38 6 REC] One |. 1.70 
5713 51 320 40 GE. | 47 5° 8 4 | 49 2.04 
2859 | 47 159 135 FG | 20 146 | 1 19 | 147 1.89 
2830 | 46 159 | 60 E 14 83 | 14 | ae | 82 I.Q1 
| if | | 
5850 46 329 | ‘FIO G | 45 | 140 | I5 | 19 142 1.97 
5064 44 349 | 60 G | 29 37 4 | 2 | 37 1.69 
2712 43 | 144 | 45 EG: |) #4 55 3 1 B6} S4 2.08 
2603 42 135 | 20 F | 20 10 2 0.3 9 1.87 
5812 | 42 | 3% 45 G 42 19 4 I 18 1.59 
WOES. oisre cdi 41 337 60 G 32 35 7 | er 34 1.66 
6014 : | 40 344 60 FG 32 47 } | io8 46 1.87 
2639 “el 30 135 45 | FG 22 28 8S | ‘o.3 | 27 1.79 
6070 | 34 340 | 60 {| G iS | St Oo |} e281 a 1.88 
6080 : | 34 342 | 60 | GE 41 | 67 Ss | oO. | 66 1.92 
} 
2545 28 169 60 GE 40 54 5 an ee ee on 1.81 
2855 27 212 45 I 50 20 y-} 2-351 19 1.83 
6280 | 26 | 354 60 G 27 23 s | 64 22 1.46 
2642 | 23 198 60 F 51 13 Y t 3% 12 1.46 
6296 i. hag | 352 | 60 GE 29 27 4 | I 26 1.47 
| | | | | | | 





* Nt is derived from N; by rejecting the central nebula and correcting for the area which it covers. If the 
product of the two diameters, ad in the ninth column, is not listed, the nebula falls outside the central circle, 
I, and, while the nebula is omitted in deriving V:, the correction for the area covered is negligible. The four 
cases for which ab = 100 refer to central nebulae so large that the entire central circles are omitted. 

Duplicate plates are included for NGC 4293 and 524. 

The two nebulae, 8B = —47°, \=61°, and B= —51°, A=54°, are uncatalogued. 

Plates in the Virgo cluster with the numbers of nebulae omitted in the reductions as presumably mem- 
bers of the cluster are: 


NGC 4203.... 1 neb. NGC 4124 .2 neb. 
4051. ee 4535 3 
ro eee 4012... ion 
yO ee 3 4532. oh 
7 | | ee 2 4215.. I 


The following fields are in both Tables IIa and III6: 


FIELD Loc N 
60-In. 100-In. 
NGC 47962: .....660. 1.87 I.Q2 
535-. ree 2.06 
2859 2.03 1.89 
CAG Rc s:. 2.03 1.93 
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TABLE Illa—Continued 








IC 5180...... 


IC 5000 


7363 
6969 


7033...- 
ee 


69054 


69062.. 


7040 
1156 


7177 


7046.. 


IC 1380 
7102 
1507. 

160 
169 


741 
7393 
7785 


718 


1084 


488 
1042 
7710. 


200 


521. 
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21 20 * I 
17 10 5 °. 
63 7 3 0.3 
23 38 8 32 
14 33 8 12 
13 53 9 be 
45 6 I 6.7 
37 24 gn eee 
31 13 4 2.2 
2 5° II 2 
27 25 4 o.I 
24 49 6 0.8 
33 18 2 0.5 
20 51 14 o.I 
44 56 8 0.5 
37 9 4 0.4 
34 40 6 6.5 
27 21 4 0.6 
Io 39 2 v fee 
35 82 9 6.3 
35 95 Oo ficou 
42 63 13 S Siatercte 
32 44 10 2.2 
37 49 6 2.8 
31 215 18 4 
II 76 5 0.4 
34 157 16 0.4 
47 36 4 0.6 
19 61 | ep arene 
23 31 6 0.2 
29 22 3 o.I 
41 54 6 4-4 
28 134 17 4-4 
32 96 13 0.6 
41 132 12 2.2 
40 51 7 I 
30 76 6 5.7 
43 44 5 6.7 
3° 134 15 18 
43 55 7 16 
34 62 5 4:3 
44 200 16 2.6 
42 109 6 9 
33 135 Be icsiesiesrs 
43 142 12 I 
50 82 6 21 
58 120 10 10 
69 23 ¥ 8.7 
66 67 2 4o 
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TABLE IIIb* 




















NGC B r | ele|« ts | 1 | a | wt | wey 
BEER oS dah eee +84° 165° 60 GE 24° 93 10 1.8 Q2 2.18 
Pe a eee 82 139 50 G 4 41 8 6.6 40 1.97 
OEMS oii db aa-ela 81 28 50 G 33 38 4 °.6 37 1.97 
RASOs c6 5 58 ares 80 249 45 E 25 57 5 10 54 2.08 
3900. . 77 180 60 GE 34 58 8 2.4 57 2.00 
P| eee 77 250 50 G 44 20 I I 17 1.67 
3941 76 138 45 G 24 33 6 2.8 32 1.96 
4267 75 247 45 F 28 49 7 5-5 45 2.28 
7 | ree 75 250 50 GE 30 61 13 I 57 2.10 
MAR Rs Soe 75 251 60 GE 40 80 9 5.5 70 2.10 
oT. Agee pre 75 261 80 G 22 55 8 2.6 50 1.80 
ch Rarer c 74 144 60 FP 15 31 I 2.1 30 2.09 
MPs onc are 73 IIO 50 G 34 37 4 2 36 1.97 
Vi) ere 73 113 50 FG II 86 13 4 85 2.38 
4452 73 253 60 GE 23 119 15 0.5 116 2.27 
Pt: re 73 266 40 G 54 17 I 3.2 15 1.79 
ROO es ces 73 276 60 FG 30 32 7 8 30 1.87 
4451 71 257 50 GE 35 50 8 0.4 46 2.01 
4098 71 272 40 G 38 24 3 3.8 23 I.go 
5207 7° 57 50 G 12 44 5 8 43 2.00 
MOE a xi : 70 261 40 G 40 36 3 36 33 2.06 
3949 68 113 40 GE 37 19 7 3.1 18 1.73 
MERC ca Bechet 68 206 50 G 39 43 6 I 42 2.04 
3893 67 113 50 G 36 41 8 32.3 41 2.02 
3877 67 115 60 FG 19 46 3 3.5 45 2.00 
CL 67 198 60 G 27 46 ie eee 45 1.93 
Sa Ee 67 198 go G 34 59 6 rs 58 1.83 
4586 67 266 60 G 35 46 4 4.1 44 1.94 
4157 pad 66 104 60 GE 17 53 5 7.2 52 1.93 
SOs ass cartier 65 105 45 F 30 24 3 9.5 23 2.00 
SOGR.-< fas e100 65 108 60 G 37 53 5 15 52 2.02 
ne 65 154 50 FG 46 41 4 6.2 40 2.13 
OL a ane 65 210 60 E 24 85 7 2 84 2.10 
5250 64 71 50 FG 47 23 3 0.2 22 1.87 
4102 64 103 60 G 2 82 7 5.4 81 2.19 
BAMA cans eles 64 170 60 GE 37 74 a eoreee 73 2.10 
SAGES scam fb a'eace 64 185 60 G 17 63 7 1.8 62 2.06 
4179 63 253 35 FG 57 8 I 1.1 6 1.58 
Ce 61 35 60 GE 31 46 9 2 45 1.88 
SOOO. cies nes 60 52 80 FP 49 20 2 I 19 1.81 
5 Se ear a 60 IIs 70 FG 29 56 7 16 56 2.02 
Ce, Cee ee eee 59 66 45 G 35 33 5 I 32 1.98 
Cet Te oor a. 59 66 45 G 30 5! 8 I 50 2.16 
Pf ee 59 87 60 G 26 67 9 | 66 2.10 
4500....:.. a 59 93 5° G 24 40 7 2.3 39 1.98 
ea eS 58 80 45 GE 33 33 6 10.4 32 1.91 
Se ree 58 117 50 FG 4! 24 3 3 23 1.87 
5585 57 65 40 GE 38 39 5 24 39 2.07 
SERO ecigiv sn eax 57 IOI 45 FG 29 30 2 | 2.1 29 1.99 
BOs urd scares +57 103 50 E 26 46 2 °.8 45 1.94 


* Plates in the Virgo cluster with the numbers of nebulae omitted in the reductions as presumably mem- 





























bers of the cluster are: 


NGC 44506 56665005 3 neb. NGO 6800 co ecccecn 2 neb. 
pet’ See 3 P| eee 3 
AOE 33 sete s 4 BART n+ 3s ee 4 
Tae are 4 MNS a ida eros I 
pr! Se eee 10 Pc ee 3 
po eras 5 yi ROC ee 2 
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TABLE U1b—Continued 


| 
NGC | ~p | d | a a | Zz | N. | I ab | Ni 
5576 | +57? | 317° | 40 | FG | 38° | 2 | «65 | 08 25 
5631 | 56 65 60 | ae |. 23a 74 6 | I 73 
5379 | 56 74 40 GE | 36 7. 2 acolo 
36042 | 56 10% 60 | G | 20 81 0 | 17.5 | 81 
3610 56 IIo 45 GE 2 50 | 7 | I | 49 
| | 
3189 | 56 180 45: | £& 12 36 «| 5 | 3:61 35 
5322 55 2) age Ae 36 78 | 8 | 2 | 977 
3488 55 114 OR Te | 38 58 8 r:3 57 
3458 | at 115 120 | FG 31 92 | 4 4 gI 
4995 55 281 40 G 57 20 6 6.3 | 25 
5820 i: wee 56 60 GE 2: 7 20 Og} 7% 
5216 [ 84 81 15 FG 33 46 5 0.3 15 
4699 see Se 272 50 G 42 51 7 Bash 60 
49058 ee 54 280 50 G 43 66 9 | 4 65 
4125 | 52 96 45 FG 36 18 | 5 17 
3021 peecetal 52 160 50 F 30 32 2 1 | 31 
3206 sestiel Bee 121 45 | E 19 41 ¢ 5.6] 40 
2971 : | St | 255 60 | E 15 | 36 4 0.6 | 35 
3182 | 50 | 119 45 E ‘ 2 33 6 O.§ | 32 
3682 scach 49 | mO2 60 GE 34 | 62 13} One fT Ox 
4250... ee 03 60 FP | 35 | oe | 3 IO 
2859...... | 47 | 159 45 E | 27 4 | 5 | a ie! 
5846 | 47 | 328 60 GE 40 4s | 8 | I 44 
2950 ; at wee | 122 | 4s GE | 38 32 rie es 31 
5984.... ; -| 46 | 351 | 60 GE 2 58 6 | 272: 57 
| | | 
2841 | 45 | 135 | 80 G | 24 87 5 | 36 | 87 
2782 45 | 150 45 | FP 21 2 2 | 31641 29 
5044 5 280 40 | GE 55°} 450 m1 Soe | Scag 
5970 | 45 | 340 15 GE 27 61 II 4-3 | 60 
2770 | 44 | 159 60 FG 20 46 7 4-4 45 
3516 | «43 1560 60 FG 42 43 5 1.6 42 
6143 42 | 52 60 | GE 26 57 2 | 20:35) 56 
Bassi). 4 42 | 7 Tas GE | 45 | 24 2 5 | 23 
3348 42 | 102 | 50 | E | ar | 49 7 0.6 | 18 
3034 — 42 | 108 | go k L. o3F | 29 2 | jo. | 28 
| | | | | | 
2742 Te 41 122 | 15 | G 26 «| 13 | 2 | 4.8 | 12 
3147 40 } 103 | 45 | F | go | at 3 | 3-6} 10 
2787 | 30 me an ee” | 4r | 22 | 5) 28) oa 
3063 | 38 | 347 | 6 | G | 34 | 26 ! Se aot ae 
2608 | 37 | 762 4O | FG | 36 | 16 | 2 | 2 | 15 
| 
2650 aoe ae ae 36 | 6 | ot) 36 
1) oe | 36 | 208 5 | G | 14 | 34 | IO | ora}, 33 
2748 : a5. | -¥07. | as | GE | 23 | 16 yy 0.8 | 15 
2633 35 | 106 60 | G | 48 | 41 a 1.9 | 40 
2775 ° 35 | 193 50 ere | 4o | 79 7 | 9 78 
| | 
6350 | 34 | 58 ae ee | 30 |} 9 a oe 8 
6217 | 34 78 | 30 F 14 | 12 3.) 3.8 | II 
2732 | 34 | 100 | 45 | G 46 30 6 0.5 29 
2715 | 34 | 102 | 45 | as | 14 12 2 6.8 | I 
2655 | 33 | 102 60 | FG 48 2 6 30 | 2 
25.43 33 | 153 | 45 | G. | 33 14 s | | 43 
6690 8h ART 368. [Gord FG | 43 19 42 sas 48 
2424 -| 27 |) 149 | “60 | F i 126 29 3 | 2 28 
6240 | 26 348 | 60 | GE 38 | 23 9 I.4 22 
2781 | 24 212 | 50 | FG | 53 27 2 | I 26 
| | | | | 
2389 ace tahs 23 st a 60 FG 15 | 45 | : | 4:4 1 44 
2811 } 23 215 | 60 | G 50 | mf I 1.2.4 14 
6732 ; | 20 | 50 | 60 | FP 19 | 17 vi I 16 
5530,..... 18 | 103 go | FG | 42 | 17 | a ie | 16 
| 55 60 GE} 22 | 24 | 10 | ra <3 


6824 Ars: 4 
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On plates in the Virgo cluster all nebulae brighter than about the 
fifteenth magnitude have been omitted as presumably members of 
the cluster—perhaps an unnecessary refinement, but consistent with 
the general principle of omitting the great isolated clusters in dis- 
cussing the general distribution of the background on which they 


TABLE Illb—Continued 











NGC > E | Q Simi ab Vi | log N 
6570 | +14° | oe | é | G 21° 12 nl rai] «2 1.31 
6615 12 9 | 60 | G 27 9 2 ° 8 1.18 
IC 1303 + 7 37 ss | FG 16 19 2 I | 18 1.66 
1233 —15 | 1190 | 60 | FP 5 - | I aa. Bi) 6 | 1.390 
1003 17 | 112 | 60 | G 22 | 55 | 10 S31 Se | 4.00 
| | 
7640 19 73 as | G | 20 | 2 8 o 23 1.80 
IC 1320 | ar | 15 | 60 | GE | 3c | 1. | 3 0.3 | 18 | 1.50 
925 P Og |} dea h) “Geer Ek 26 ) 360] 2 96 6| 116 | 1.64 
753t | 25 mos. | Gor [Gt of ner] gg. 4 | 7.8] 34 1.79 
| ae | GR | wit a} lg 7.8 | 4 | 2.00 
| | | | 
1620 | 28 164 so | FP | 35 | ar | 5 2.4 20 | 2.06 
1588 ; 20 162 60 | FG | 33~«*S:Y 38 CO 6 | 37 1.94 
IC 1377 | 32 25 | 60 | GE | 36 42 | 3 O41 46 | 5:89 
IC 1401 38 27 | 60 | GE | 33 29 | 5 1.6} 28 | 1.68 
7448 40 s6. | Go | ‘GE | 27 (| 56 | 4 i 5S | 4.06 
| i | * | Sea) 
7454 | 40 57 | 45 G f) 3s 39 | 7 OS | go | #03 
7374 at 19 60 | E 24 54 II 0.4} §3 | ¥-60 
7385 42 | 51 | 6o | GE 28 | 420 | 23 0.3 119 | 2.30 
IC 1437 44 | 33 | so | G } 143 2 } ef. O61 23 | 1.790 
7469 jionent. aoe'b 284 | 60 | G xr | 63 Ci Sor a4 | 62 | 2.08 
| | | | 
660 | 17 III | 60 | FG | 28 60 9 3 | Ox 2.15 
IC 5241 | 18 40 | 60 GE 14 | 40 7 0.4 | 39 | 1.86 
IC 1460 | 19 | 17 60 | GE 33 63 9 o.1 | 62 2.02 
7743 | 50 | 66 | 60 | E | 26 | 78 18 2.2 | 77 | 2.07 
1073 | s§0-{ 1339 60 | G 34 CO 15 20} 44 1.04 
| | } | | | | 
7541 | st | s2 | 60 | GE | 31 35 + | 3 34 1.76 
05 | 52 | 81 | 60 | GE |} 25 | 55 10 | 2.3} 54 1.95 
936 , Y =300 ff 25 FG | 36 | 96 23 | «I.2] 96 2.15 
193 | 50 | + | @f;G ti @i s 7 | 57 2.07 
196 62 87 | 60 | FG boas 77 12 0.6 76 | 2.27 
| | | | | 
770 | 62 | 132 | 100 | F | 41 | 73 10 4 | 72 2.07 
500 ...| —66 121 | 40 | G | 42 | 27 2 ae | 26 1.96 
| | | | 


t A duplicate plate of NGC 753 is included which gives the maximum difference in log N derived from 
an examination of about forty pairs of duplicates. This difference of 0.21 corresponds to a difference in 
limiting magnitude of the order of 0.35, which must be accounted for by variations in sky transparency, 
emulsion, definition, and development. 
are spotted. The list of omissions, given in footnotes to Tables IIIa 
and 6, indicates their small or negligible effect on the general statisti- 
cal results. 

Table IVa gives 139 extra-survey plates on which no nebulae were 
found. These, together with 75 such fields in the survey, determine 
the zone of avoidance. Table [Vd lists 28 plates bordering the zone 
of avoidance, on which a few nebulae were found. These plates do 
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not conform to the survey conditions but are useful in defining the 
borders of the zone. Positions alone are listed in Tables IV, but in 
all cases the exposures are equivalent to at least an hour on fast 
plates with the 60-inch reflector. 





TABLE IVa 


FIELDS WITH NO NEBULAE 








Nl l l i] l 
6B | »X se | va |l 6 | » | @ mo Pe. 
45° | og3a ee 330° |] + 2° | 336° ee: BEG Po Stat | sss 
20 | 75 5 3 | oe 28 ! 345 | 5 | 4 
20 | 85 34 29 «|I a5 | 28 
20 | 323 35 30 | 53. || 6 | 14 
18 350 61 ae 56 || 62 
16 321 199 15sq || 334 «|i gI 
15 346 347 179 | 335 | 353 
14 71 349 195 || 343 || 7 133 
320 4 22 30 {| 346 || 8 | 22 
| 321 35 ° 34 || 348 || 356 
| 344 100 37 || 349 || 9 | 104 
13 | 337 124 46 |i 354 |i 10 | 181 
= ° 156 73 | 355 | | 182 
74 162 78 |i 26 || ay tae 
| 330 350 80 || 198 ns | 374 
| 340 3 | 8 110 || 199 (|| m | 1236 
| 350 | 45 | 188 || 333 || 137 
10 73 3 | 46 | ate? 4] 334 || 15 174 
| 335 3 87 | 32: | 339 | 175 
al | 6 | 106 | 335 |i 353 17 128 
| 68 | 471 —1 | r || 354 18 176 
8 10 2 | 43 || | 27 1] - 10 19 | 125 
| 333 48 || 52 || 37 | “nah 
7 112 105 || 54 (Oi 152 || 20 | 126 
329 | 142 || or || 205 || | 144 
| 336 169 || 140 || 330 | 21 | 126 
+s | 14 | | 170 || | 103 || S35: || =H23) 3. OE 
65 | 171 | 205 || 330 || 
| | 1 | 
TABLE IVb 
SUPPLEMENTARY LIST OF FIELDS WITH VERY FEW NEBULAE 
B r | B r B r 
+30° sa5° Field +12° 108° IC 342 —10° 99° Field 
25 325 Field II 20 Field 12 43 NGC 7013 
20 65 Field 63 NGC 6946 13 52 EG; 1392 
19 309 NGC 50968 213 2613 16 ° NGC 6821 
18 321 6093 10 312 [C4807 172 c 423 
14 106 1C 356 +9 333 NGC 6333 22 134 Pleiades 
165 NGC 2339 -—7 161 Field 5 355 Field 
13 ° 6509 9 34 Field _ 135 Field 
+12 II 6627 40 Field 
55 Field —10 43 Field 





The complete data, including about 1283 independent samples 
covering a total area of about 650 square degrees, or a trifle more 
than 2 per cent of the three-quarters of the sky included in the sur- 
vey, are summarized in Table V. They comprise fairly comparable 





ee 
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groups representing the two telescopes and the survey and extra- 
survey fields. The groups for the two hemispheres are roughly in 


TABLE V 


SUMMARY OF OBSERVATIONAL DATA 





Fields 





11,515 765 24,645 


| 100-INCH | 60-INCH " TOTAL 
: rie | 
Survey, Table I | 
| 


Neb. | Fields . | xe Neb. | Fields | Neb. 
| 


| 
Sx | | ahs 
357 | 13,130 | 378 
Extra-survey, Tables| | 
| 








II eed 55 4,422 61 | 2,331 116 6,743 
Iixtra-survey, Tables | 
93 5,685 | 142 | 6,128 235 | II 1,833 
OAD deo | = 5535 | 23,227 581 | 10,974 | 1,116 | 43, 201 
Extra-survey blank fields, Table IVa ................. 139 
Supplementary, Table IV6 ..............00ccceece : 28 
WOUAUHeldS).. «<4 a56:¢-c00 x < : Pee re I sik 
Polar Caps 
NorTH SouTH | TOTAL 
Fields | Neb. | Fields | Neb. | Fields | Neb 
Survey puna so) 247 | 10,693 150 | 6,461 | 397 | 17,154 
Extra-survey.......| 179 | 10,666 | 65 | 4,363 | 244 | 15,029 
WORE: orc 426 | 21,359 215 | 10,824 | 641 | 32,183 
Galactic Belt 
Fields | Neb. | Fields | Neb. ‘| Fields | Neb. 
Survey. . oe a, | 4,409 | 161 | rs | 368 7,491 
Extra-survey....... 129 | 1,459 | 145 | 2 err | 274 33527 
OA ors one 336 | 5,868) 306 | 5,150] 642 | 11,018 





proportion to the relative areas over which they are distributed. The 
various groups have been analyzed separately and collectively, but 
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the only striking differences are the systematically larger values of 
log N for the extra-survey plates in high latitudes as compared with 
those for the survey. The excess amounts to approximately o.10 in 
log NV or about 25 per cent in the numbers. Various possible ex- 
planations were considered, but eventually the two groups were sim- 
ply combined for evaluating the final results. The discussion, how- 
ever, should be followed with this discrepancy in mind. 


REDUCTION TO A HOMOGENEOUS SYSTEM 

The data were reduced to a homogeneous system by applying the 
corrections AZ, AQ, and AE as already mentioned, and thus correct- 
ed were used to investigate the distribution over the sphere to a uni- 
form but undetermined limiting magnitude. The results are inde- 
pendent of the second part of the investigation, in which the data 
are reduced to numbers of nebulae per unit area to definite limiting 
magnitudes. The final reductions are the culmination of a series of 
successive approximations of which only the later stages will be 
presented in detail. Preliminary analysis led to the following general 
conclusions, which are merely more precise formulations of previous 
indications :"° 

1. No nebulae are found along the heart of the Milky Way. The 
zone of avoidance is irregular and unsymmetrical, the width varying 
from 10° to 40°. 

2. Nebulae are scarce along the borders of the zone and in certain 
regions the scarcity can be followed out to latitude 4o°. 

3. In the higher latitudes the nebular distribution, to a first rough 
approximation, is random, with occasional clusters superposed. 

4. In the higher latitudes the numbers of nebulae increase with 
limiting magnitudes (or exposure times) at a rate which indicates a 
fair approximation to uniform distribution in depth, i.e., log V,,= 
0.6m+C. 

On the basis of these results, the sphere was divided into the galac- 
tic belt (8 = —40° to +40°) and the polar caps (8=40° to go”). Data 
in the polar caps were assumed to represent nebular distribution 
alone; those in the galactic belt, a combination of nebular distribu- 
tion and local galactic obscuration. Since the preliminary results in- 


© Publications of the Astronomical Society of the Pacific, 43, 282, 1931. 
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dicated an approximately uniform or random distribution in the 
polar caps, the corrections AQ and AE, for quality of images and 
exposure times, were derived from those regions alone. 


ATMOSPHERIC EXTINCTION 
As a first step the counts were corrected for atmospheric extinc- 
tion by adding to log N, or log N; the factor 


AZ=0.6 Am , 


where Am is the extinction in photographic magnitudes at zenith 
distance Z, taken from the table in current use at Mount Wilson.’ 
The coefficient 0.6 follows from No. 4 of the preliminary results. 
Since the relation 

log NV,,=0.6m+C 


holds approximately over a considerable range in m, the assumption 
that it holds precisely over the limited range in atmospheric extinc- 
tion covered by the observations will not introduce serious errors. 

The corrections are listed in Table VI as a function of Z. Up to 
Z=60° the values were interpolated from a smooth curve construct- 
ed from the extinction tables. Beyond 60° they are extrapolations 
following the theoretical trend of extinction-curves; but since very 
few plates were exposed at low altitudes, the uncertainties are not 
important. The values of AZ in Tables I-III range up to 0.32, but 
only 18 exceed 0.20 and the mean is about 0.053. 

The corrections might be applied to exposures rather than to the 
counts, thus avoiding the assumption of uniform distribution. This 
procedure, however, would introduce an assumption concerning the 
relation between limiting magnitude and exposure time which is 
probably as uncertain as that concerning distribution, and hence 
offers little advantage over the convenient method actually adopted. 


CORRECTION FOR QUALITY OF IMAGES 
The quality factor, AQ, is perhaps the most important and at 
the same time the most arbitrary factor in the entire investigation. 


7 F. H. Seares ef al., Carnegie Institution of Washington Publication, No. 402; Papers 
of the Mount Wilson Observatory, 4, Introd., p. 36, 1930. 
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It measures the effect of definition on the threshold of identification 
or the ability to distinguish between nebulae and stars. The plates 
were rated on an arbitrary scale as “Excellent,” “Good,” “Fair,” 
and ‘Poor,’ with the intermediate steps “‘GE,” “FG,” and “FP,” 
according to the sharpness of the star images. For one-hour expo- 
sures in the polar caps, mean values of log V,+AZ were then derived 


TABLE VI 


CORRECTIONS TO LOG N DEPENDING ON ZENITH DISTANCE 


| 
Z | AM po | AZ* vA AM po AZ* Z AM pg AZ* 
dicisaicacieecice —— eee San | ees eet ah he ; 
10° | 0.004 | 0.00 7 i re 0.06 57‘ 6.15 
16 aaa | .O1 BA — Vseivars sna’ .07 58 16 
20, | o19 oI 45 0.122 07 59 17 
23 ‘oe Ol 5 Jaduoares 08 60 0.205 15 
yn reer 02 a ere 08 61 ( .10) 
29° facsiearens .02 a ee refs) 62 ( .20) 
30 046 .03 AGi Nine deavacs og 63 ( .21) 
33 bes ieeulsaaie .03 50 164 10 64 scotet RO 23) 
Cn 04 nn eee 10 65 ( 40). | (( $24) 
35 005 .04 52 iy ohatins me 66 ay ( .20) 
(a ere 04 53 12 60 i ( .32) 
, .05 54 oe 12 70 (0.59) | (0.35) 
40 0.090 .05 55 0.219 Ok: 
PY a ore 0.00 BO besa Hue pens 0.14 





* AZ =0.6Am po, 


for each quality class." These values are listed in Table VII for each 
telescope and for survey and extra-survey groups, both separately 
and combined, together with the number of plates, 7, and the mean 
latitude corresponding to each value. The latitudes are included be- 
cause a correlation was found later between log V and £8 which, al- 
though of little importance in the higher latitudes, might possibly 
influence the derivation of the quality factors. Rereductions which 
take into account the latitude effect indicate, however, no very sig- 
nificant revisions of the factors actually adopted. 

The data are presented graphically in Figure 1, where values of 
log N are plotted against quality classes, both for the survey alone 
and for the totals. The quality classes are arbitrarily separated by 

8 Four fields were omitted as obviously affected by local obscuration. These are 


B=+40, \=330° and 340°; A=140°, B= —4o° and —45°. One field (8=+55°, A=10°) 
was omitted because it includes a conspicuous cluster. 


THE DISTRIBUTION OF EXTRA-GALACTIC NEBULAE 


Ww 
ww 


equal intervals along the horizontal axis. The curves for the two 
telescopes are approximately parallel, with a displacement of the 
TABLE VII 


QUALITY FACTORS 














| SURVEY EXTRA-SURVEY TOTAL 
Q | ee ee ee = = | = = 
| n log N B | nm | log N B n log N B 
| | | | 
1oo-Inch 
a) CG, | 3 
E.... 17 | 1.838 | 66°2 9 | 2.076 | 63°6 26 | 1.920 | 65°3 
OP osc 5 cstocahs set | ga | 8.8977-| 63-2. | Fa) F923. 163.0 44 | 1.890 } 61.8 
ie cche a oe 34.| ¥.775 | 66:0 16 | 1.883 | 61.3 50 | 1.809 | 60.4 
FG 38 | &. 720 | §7.0 14 | 1.870 | 67.2 52 | F760 | soc 
35 | 1.633 | 55.3 | 6 | 1.761 | 68.8 4i | 1.652 | 57.3 
re. 15 | 1.447 | 53-7 Vicon war 15 | 1.447 | 53-7 
| - | —_ _ _ — _ — 
otal | I7I | 1.730 | 55.6 57 I.g0o0 | 64.2 228 1.774 | 00.1 
| | 
60-Inch 
| | | | 
| SERA ere 39 | 1.758 | 58.2 5 | 1.856 | 57.2 | 44] 1.770 | 58.1 
GE 56 |. 126906] 54-3 26 | 1.799 | 56.6 | 82 | 1.729 | 55.1 
Mig aais a tesyu teers 33). O22 |) 56.5 | iS }.1-705 | SO:¥.)| 48°) 220700) S704 
BG. 3505s. 15 | 1.544 | 54.7 8 | 1.667 | 59.0 23 | 1.587 | 55.5 
Byer 45 SNe | 13 |, B-438) | §$.0 E | ¥.§400) SEC 14 | 1.446 | 54.7 
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* The value 0.45 is adopted on the basis of results from 18 rejected FP plates. 


order of 0.16 in log NV. This quantity was accordingly added to log V 
for the 60-inch, and mean values were then derived from the data 
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for the two telescopes combined. Figure 1 indicates the fairly satis- 
factory manner in which the data are represented by smooth curves 
adjusted to the mean values. 

More detailed information is furnished in Table VII. The out- 
standing residual in the curve representing all data combined (upper 
curve in Fig. 1) is the 60-inch point for quality F, which depends 
upon only 14 plates. Of the two large residuals for the survey alone 
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Fic. 1.—Quality factors. Mean log N for one-hour exposures, 8 5 40°, plotted against 
quality classes. The lower curve represents the survey alone; the upper curve, all the 
data combined. Disks indicate data with the 1oo-inch; circles, with the 60-inch but 
with log V increased by 0.16; crosses, means for both telescopes, weighted according to 
the relative numbers of plates. Data from Table VII. 


(lower curve) the 1oo-inch point for quality E depends upon 17 
plates; the 60-inch point for FP on a single plate. Plates of quality 
P were in general discarded as. unreliable, and the relatively few of 
quality FP that are included were retained for the sake of com- 
pleteness when efforts at replacement had not succeeded. Examina- 
tion of discarded plates suggested a slight revision of the quality fac- 
tor for FP, indicated by the data in Table VII, and a tentative factor 
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of 0.70 for the two 1oo-inch P plates," which were retained for com- 
pleteness. The adopted quality factors, AQ, listed at the end of Table 
VII, are slightly smoothed in order to represent a uniform progres- 
sion, but, except for the FP factor already mentioned, the revisions 
do not exceed 0.01. The systematic term, 0.16, added to the factors 
for the 10o0-inch, gives factors for the 60-inch which reduce the counts 
to the standard conditions of excellent plates with the 1oo-inch. 
The factors were derived from one-hour exposures alone and are 
assumed to apply over the entire range of exposures (20-150 min.). 
The data are too restricted for conclusive evidence on this point, but 
they are not inconsistent with the assumption. The quality scale is 
arbitrary, the smooth progression of the factors being more or less 
accidental. Each class covers a considerable range in the scale and 
this circumstance introduces an artificial scatter into the corrected 
counts. The procedure, in fact, represents a much-simplified statisti- 
cal approximation, but it is doubtful whether the nature of the data 


20 


justifies more refined methods. 


CORRECTION FOR EXPOSURE TIME 

Preliminary examination suggested that, as a first approximation, 
tripling the exposure quadruples the numbers of nebulae. Tripling 
the exposure was supposed to extend the limit by 1 mag. (the usual 
assumption in photographic photometry with fast plates); hence 
quadrupling the nebulae suggested uniform distribution in depth. 
The relation is 

, 0.002 TT. 
log N= log E+C, 
0.477 


=1.26 log E+C. 


This relation ignores the effect of red shifts in diminishing apparent 
luminosities and assumes a deviation from the photographic reci- 
procity law represented by a value of about 0.84, for the Schwarz- 
schild exponent p. 

19 These are survey fields at 8= + 35°, \= 300° and B= —15°, \=140°. The data are 
uncertain but do not affect the general results. 

2» Since the number of FP plates is small, the greatest scatter should be in class F 
where, as indicated in Fig. 1, log N ranges from about 1.57 to 1.70. These plates were 
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Detailed analysis of the present data indicates, however, a co- 
efficient for log E in the preceding relation definitely greater than 
1.26; and interpretation of this result introduces problems of far 
wider significance than the immediate purpose, which is merely the 
reduction of the counts to a uniform exposure of one hour. Further 
discussion of these problems will be deferred, but it may be men- 
tioned that the present results appear to represent the combination 
of a close approach to the reciprocity law’ under the particular ob- 
serving conditions (small surface images at the threshold of Eastman 
40 plates), which increases the coefficient, and the effect of the red 
shift, which diminishes the coefficient. This interpretation is suffi- 
ciently probable to justify the retention of the provisional assump- 
tion that the nebulae are distributed uniformly in depth. 

In Figure 2, log N (representing the counts reduced to quality E 
with the 1oo-inch at the zenith) is plotted against log E (exposure 
time in minutes) for 636 fields in the polar caps (omitting the 5 fields 
not used in deriving the quality factors). A casual inspection indi- 
cates an approximately linear correlation in which the coefficient of 
log E is of the order of 1.3. The data are grouped according to a 
small number of values of log E and in each group of any consider- 
able size the frequency distribution of log N approximates an error- 
curve more or less symmetrical about the mean value. The diagram 
is dominated by the excessively large group of one-hour exposures 
in which the range in log N, as expected from the form of the fre- 
quency distribution, is disproportionately large. This restricts the 
significance of a correlation ratio and limits the analysis to the re- 
gression-curve of log NV on log £, or to the usual least-squares solu- 
tion with the data grouped according to log EZ. A direct solution 


re-examined and divided into three groups, f+, F,and F—. Log N then fell in the same 
order, but the results did not appear to justify the general application of the refinement. 


21 Some observations bearing on the reciprocity Jaw are mentioned later in con- 
nection with the determination of limiting magnitudes corresponding to particular 
exposure times. These data are more or less consistent with various recent investiga- 
tions which tend to reduce the failure of the reciprocity law, at least for low intensities 
and fast plates, as compared with the results found in earlier investigations. See, for 
instance, Jones and Huse (Journal of the Optical Society of America, 11, 338, 1925) for 
data on the fast Seed 30 plate and Twyman and Harvey (Transactions of the Optical 
Society, 33, 1, 1931) for tests of the Schwarzschild relation at the threshold. 
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of this nature, with equal weights for all fields, leads to the re- 
lation 


log N=1.290 log E—0.362 , (1) 


which is indicated by a full line in the figure. 
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Fic. 2—Log N as a function of exposure time. Log N, corrected for quality and 
atmospheric extinction, plotted against log E (exposure time in minutes) for all plates 
with 85 40°. The five large circles are mean points from Table VIII, from which is de- 
rived the correlation indicated by the dash line (log N=1.376 log E—o0.493). The 
full line is the relation, log VN = 1.290 log E—0.362, derived from a least-squares solution 
for a grouping according to log E with equal weights for all plates. 


The assignment of equal weights, however, is open to criticism. 
If the nebulae are distributed approximately at random, the volume 
of space explored, and hence the number of nebulae recorded per 
plate, should increase with exposure and, of course, the errors of 
sampling should decrease as the size of the samples increases. The 
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weights, therefore, should increase with the exposure, and hence in 
Figure 2 the systematic departures of the longer exposures from the 
foregoing relation cannot be entirely ignored, notwithstanding the 
relatively small numbers of plates involved. The 30 plates with ex- 
posures longer than an hour represent about 5400 nebulae, as com- 
pared with about 6600 nebulae found on the 164 plates with expo- 
sures shorter than an hour. The relative weights of the two groups 
as derived from plates and from nebulae are about 1 to 5.5 and 1 to 
1.2, respectively. 

The effect of weighting according to numbers of nebulae can be 
partially ascertained by grouping the data for exposures other than 
one hour into mean points representing comparable numbers of 
nebulae and including the mean for the hour exposures with the 
same weight. The necessary data are found in Table VIII, which 
gives, both for plates centered on selected nebulae and for plates 
centered without reference to nebulae, the mean log N for each ex- 
posure time and for various groupings of the exposures. For the im-. 
mediate purpose the significant data are the 3-groups and the 5- 
groups for all fields combined. These mean points lead to coefficients 
of log E equal to 1.364 and 1.376, respectively. The latter relation is 
indicated in Figure 2 by a dash line, and the 5-points from which it 
is derived are represented by large open circles. 

Other methods of grouping the data lead to values of the coeffi- 
cient of log E which, in general, lie between the extremes already 
mentioned, namely, 1.29 and 1.37. Largely for this reason, and with- 
out further discussion of the relative merits of weighting by plates or 
by counts, a value of 1.33 has been adopted for the reductions as a 
compromise. This arbitrary procedure is admittedly a makeshift to 
serve the immediate purpose. It has little justification beyond the 
fact that the corresponding corrections to log N differ from those de- 
rived from either extreme value by more than o.o1 only for the 
twenty-minute exposures and the four longest exposures for which 
the difference is 0.02. These quantities are well within the uncer- 
tainties of the counts. The corrections for each exposure time which 
reduce the values of log N to the standard exposure of one hour are 
given in Table IX. 
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APPARENT DISTRIBUTION OF NEBULAE 


The general features of the apparent nebular distribution are in- 
dicated in Figure 3 where the fields are plotted by galactic co-ordi- 
nates on Aitoff’s equal-area projection of the sphere. The term “‘nor- 


TABLE VIII 


RELATION BETWEEN LOG N AND EXPOSURE TIME 















































1 
SURVEY AND EXTRA-SURVEY FIELDS | FIELDS CENTERED ON NEBULAE 
EXPOSURE = —— 
| n | log N | log F | n | log N | log E 
20™. | 27 = 419 I. 301 I | I.240 I. 301 
20;.¢ | 68 | 1.405 | E477 | 2 | 1.440 Pe Vy 
oo Rida autgon aks re, I | 1.270 1.544 
40. . | I | 1.860 | 1.602 | 14 | 41.730 1.602 
A haar eccnsutie: 3 2 | 1.590 | 1.653 | 27 1.783 1.653 
50. Ape) eegtetae Sree eRe ARSE lec 21 1.916 1.699 
60. | 371 | 1.912 | 1.778 71 1.997 1.778 
7 Co ea U3 i. Seats inca aie eee eee I 2-110 1.845 
i oe [rvesveees f sa eee tA I 2.280 1.875 
CIOs ising tvs 08 apr wre Seis = ba eee Baise 5 2.122 I .gO3 
85.. | I | 2.290 | 1.929 | éctachis cdl ed Beebe Cae eee 
go. . | 3 2.250 | Ga. | 7 2.157 1.954 
100. . | I | 2.470 | 2.000 | I 2.360 2.000 
DEO). coos hats Bh Scr avenitaa felt takomeretes W onsiare ere sas 2 2.270 2.041 
BIOs Sale ne ed ua ees itaocl sovieme 3 2.280 2.079 
ie I | 2.620 | 2.130 2 2.375 2.130 
150. I | 2.650 | 2.176 | I | 2.330 2.176 
Total....| 476 | 1.830 | 1.711 160 1.942 | 1.754 
second a 
3-Groups 
| | 
20-30.......| 98 1.480 I.435 66 1.789 1.646 
60 | 371 E.612 1.778 71 1.997 1.778 
POEL a c.s 6 7 2.307 | -280%% | 23 2.214 1.986 
| id Caliah | 
ALL FIELDS 
5-Groups | 3-Groups 
| | 
20- 30.... 98 1.471 I.427 || 20- 50.... 164 1.604 1.518 
35- 50... 66 1.803 P6541, GO os. 442 1.925 a ey 
> re 442 1.925 r.776 || 7O-I50.... 30 2.257 1.992 
7O- 9O.... 18 2.174 1.928 | 
IOO=160s. <5. 12 2.380 2.088 | 























40 EDWIN HUBBLE 


mal distribution” is here applied to fields in which the numbers of 
nebulae lie between about one-half and twice the mean for fields 
within the polar caps; more precisely, log N =1.63—2.22. About 93 
per cent of the fields in the polar caps fall within the definition and 
are unobtrusively represented by small dots. Excesses and deficien- 
cies are indicated by black disks and open circles, respectively, and 
crosses are superposed where the deviations from the mean exceed 
0.60 in log NV. Clusters, other than those appearing on survey plates, 
are omitted, and hence the crosses, with one exception,” are confined 


TABLE IX 
CORRECTIONS WHICH REDUCE LOG N, TO EXPOSURES OF ONE HOUR 























E AE* E | AE* || E AE* 
20™ +0.63 || 60™ 0.00 | 100" —0.29 
30 40 || 70 — .09 110 35 
35 31 || 75 13 || = 120 .40 
40 23 || 80 17 || — 130 45 
45 17 || 85 20 || = 135 47 
50 +o.10 ] go —0.23 150 —0.53 











* AE =1.33 log E. 


to deficiencies referring to galactic obscuration. Fields with no nebu- 
lae are indicated by dashes and, with one exception,” fall within the 
zone of avoidance along the Milky Way. The large-scale features 
are as follows: An irregular zone of avoidance runs along the Milky 
Way and is bordered by partial obscuration which fades away into 
the general field of normal distribution. The influence of the Milky 
Way is most conspicuous in the direction of the center of the galactic 
system (A=325°+), where it extends more than 30° on either side 
of the galactic plane. In the opposite direction (A= 145° +) there is 
extensive obscuration to the south (Taurus region), but on the north- 
ern side the normal distribution sweeps down to latitude 15° or less. 


THE ZONE OF AVOIDANCE 


The zone of avoidance was outlined from the distribution of 
dashes alone, although the inclusion of crossed circles might have 


22 The cluster in Corona Borealis, falling in the survey field (@=+55°, X=10°). 
23 The small detached obscuring cloud near B= +35°, \=335°, marked A. 
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enhanced its significance. Either method leads to the same general 
picture—a continuous irregular belt along the Milky Way with two 
small and significantly located exterior patches. The general pattern 
follows the distribution of known obscuring clouds, and the zone is 
presumed to represent analogous phenomena. The irregularity is 
strong evidence that the obscuration is due largely to isolated clouds 
rather than to a uniform layer of diffuse material. 

The zone appears to consist of a narrow belt from 10° to 20° wide, 
centered approximately on the galactic plane, from which several 
great flares extend out into the higher latitudes. The two flares which 
extend to the highest latitudes coincide with the tips of the inclined 
belt of helium stars and diffuse nebulosity where it reaches its great- 
est departures from the galactic plane. These regions are the well- 
known areas in Ophiuchus and in Taurus, in the directions of the 
galactic center and anticenter respectively, the former representing 
the northern and the latter the southern reaches of the inclined belt. 
Beyond either tip are found the small detached outliers already 
mentioned?4—one patch of obscuration near \= 335°, 8=+35°, the 
other near \=145°, B= —35°. The regions covered by these flares 
are so well known from the many published reproductions of camera 
plates that further description is unnecessary. The narrow winding 
flare leading up to the Orion nebula may perhaps be regarded as a 
detached outlier from the Taurus flare. 

The Cepheus flare, north of the galactic plane and between longi- 
tudes 60° and 100’, is perhaps less familiar, although camera plates 
indicate that the entire region is affected by considerable obscura- 
tion. The flare extends out to latitude 20° or more, and the partial 
obscuration along its borders includes the position of the celestial 
pole (A=9go°, 8=+28°). The partial obscuration accounts for the 

24 The northern field, marked A in Fig. 3, is in the vicinity of R.A.=15546™ + Dec. 
—3°5+ 1900 (BD—2°4064 falls near the preceding edge of the north-following exten- 
sion). It has long been known at Mount Wilson and parts were photographed with the 
1oo-inch as early as 1923. The edge of the cloud is a striking object visually, and sug- 
gests the region south of ¢ Orionis without the luminous background or the nebulous 
stars. The field was included by Lundmark and Melotte in their catalogue of dark 
markings found on the Franklin-Adams charts, but is about the only obscuring cloud 


catalogued in high latitudes whose nature is not questioned. The southern region, on 
the other hand, appears as an extensive area of partial obscuration with no conspicuous 


opaque clouds. 
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scarcity of nebulae in the immediate vicinity of the pole and prob- 
ably affects some of the stars in the Polar Sequence. Fortunately, 
there is no reason to assume that the absorption is selective to any 
considerable degree, hence it may not seriously influence the relation 
between color index and spectral type as derived from the precise 
data of the sequence. 

Within the zone as outlined by the dashes, five fields (two in the 
Ophiuchus flare marked B, two in the Taurus flare marked C, and 
one in the Cepheus flare) are included, in which occasional nebulae 
are recorded. Reference to camera plates indicates that these fields 
are relatively rich in stars and may represent thin spots in obscuring 
clouds. Those in Ophiuchus* are at 8 = +9”, in the star clouds near 
the base of the dark lanes leading out to p Ophiuchi, and appear to be 
veiled by the flare rather than by the narrow belt along the galactic 
plane. At any rate, nebulae are consistently found at 8 = +10°, some 
35° away in longitude. It seems plausible to assume that the chances 
for thin spots are greater in the isolated flares than in the galactic 
belt where clouds may be scattered one behind the other to very 
great depths. The same supposition applies to the field in the Ce- 
pheus flare at @=+15° and perhaps to the Taurus flare as well, 
where, although the nebular fields are at B= —5°, the galactic belt 
appears to be relatively narrow and where, moreover, the distribu- 
tion of clouds in depth should be much less, since the direction is 
nearly opposite to that of the galactic center. 

From \= 340°, where the survey begins, to about \=7o0° the 
southern hemisphere is affected by irregularly distributed partial 
obscuration reaching out in places to 8=—30° and more, although 
the zone of avoidance, as arbitrarily defined, extends to less than 10°. 
The region might be described as a flare consisting of semi-trans- 
parent clouds. North of the galactic plane and in the same latitudes, 
i.e., between the Cepheus and the Ophiuchus flares, large open circles 
are mingled among dots in a manner which suggests isolated patches 
of obscuration in this region as well. Here also nebulae can be fol- 

5 Curtis found two nebulae in the field of NGC 6333, near this region, and also four 
in the adjacent Selected Area No. 133. Nebulae are found in both fields on the Mount 


Wilson plates, but others mentioned by Curtis in the zone of avoidance have not been 
confirmed. 
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lowed down close to the galactic plane. Three of the survey fields 
at 8=+5° record nebulae, and a group of spirals (IC 1303, etc.) is 
found at B=+7°. 


REGION OF NORMAL DISTRIBUTION 


Between the southern region of partial obscuration and the Taurus 
flare, the field of normal distribution sweeps up toward the galactic 
plane and reaches B< 15° in the vicinity of \=110°. M 31, at B= 
— 22°, falls in this region, and also Wolf’s cluster of nebulae in Per- 
seus at 8=—12°. In the northern hemisphere, to the east of the 
Cepheus flare (A < 105°), the region of normal distribution again 
sweeps down to latitude 15° and is uninterrupted out to the limits 
of the survey, i.e., \=210°+, where nebulae on opposite sides of 
the galactic plane are recorded only 10° apart. This latter region, 
just south of Sirius, represents the narrowest and least conspicuous 
portion of the Milky Way that falls within the survey. 

The conspicuous effects of local obscuration are so extensive that 
they seriously limit the regions in which the real distribution of 
nebulae can be investigated with confidence. Irregular limits might 
be estimated from the manner in which the partial obscuration fades 
into normal distribution, but it seems less arbitrary to restrict the 
provisional investigation to the two polar caps. Analysis of the dis- 
tribution in the polar caps leads to the following results: 

1. There is no conspicuous systematic variation in longitude. 

2. There is a definite variation in latitude closely approximating a 
cosecant law. 

3. The frequency distribution of log N approximates a Gaussian 
error-curve. 

4. The two caps, northern and southern, are similar, and the dis- 
tributions agree within the uncertainties of the data. 


DISTRIBUTION IN LONGITUDE 


This feature was provisionally investigated along successive nar- 
row zones of latitude in order to avoid the possibility of latitude 
effects, but no conspicuous harmonics were found. Similar investi- 
gations in the galactic belt, dodging the flares in the zone of avoid- 
ance, emphasized the contrast between the directions of the galactic 
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center (log N minimum) and the anticenter (log M maximum). 
Later, when the latitude effect was established and tentative cor- 
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* Quality FP, hence log N is uncertain and the corresponding point is omitted from Fig. 4. 


rections could be applied, the distribution in longitude was re-ex- 
amined on the basis of wider zones and the provisional results con- 
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firmed. The nature of the data and the results for two zones are 
indicated in Table X and in Figure 4. One zone, 8 = 20° to 30°, is in 
the galactic belt; the other, 8=40° to 50°, is the lowest zone in the 
polar caps. 

Values of mean log N reduced to the galactic pole, together with 
the numbers of fields represented by the means, are tabulated for 
intervals of 10° in longitude. Omissions in the zone B=20° to 30° 

















° go° 180° 270 ° 
Galactic longitude 
Fic. 4.—Log N as a function of longitude. The upper diagram represents the dis- 
tribution in zone B= 40° to 50°; the lower, in zone B= 20° to 30°. Circles indicate north- 
ern latitudes; and disks, southern latitudes. The heavy line represents overlapping 
means of three successive intervals of longitude. Data from Table X; all values of 
log N reduced to the galactic poles by the corrections in Table XII. 


refer to flares from the zone of avoidance with their bordering obscu- 
ration or to regions beyond the limits of the survey. A single FP 
plate for a southern field, \= 290°, with an abnormal log N, is omit- 
ted as uncertain. 

The heavy lines in Figure 4 represent overlapping means of three 
successive values, derived from the combined data for the two hemi- 
spheres (full lines) when both are available, and otherwise, for the 
northern hemisphere alone (dash lines). The zones B=40° to 50° 
show no conspicuous systematic variations. Certain residual effects 
might suggest galactic obscuration, but apparent abnormalities do 
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not in general survive a comparison of similar diagrams for zones 
35° to 45° and 45° to 55. 

Zones 20° to 30° exhibit the conspicuous excess in log NV in the direc- 
tion of the galactic anticenter over those in the direction of the cen- 
ter typical of the galactic belt. Qualitatively the data suggest ap- 
preciably greater obscuration in the direction of the center, and, 
quantitatively, an overcorrection for the latitude effect. 


DISTRIBUTION IN LATITUDE 


Since longitude effects are not conspicuous in the polar caps, vari- 
ation with latitude can there be investigated simply by plotting the 
mean log N for various latitude zones against the latitudes. A pre- 
liminary analysis indicated a definite correlation following the trend 
of a cosecant law. Attempts were then made to extend the investi- 
gation into the low latitudes of the galactic belt. Contours were 
drawn beyond the borders of the zone of avoidance, purporting to 
avoid the fringe of local partial obscuration without prejudice to 
obscuration which might arise from a pervading medium. All fields 
outside the contours were then used in deriving values of mean log V 
for latitude zones within the galactic belt itself. The procedure is 
admittedly arbitrary and, in fact, selective effects actually appear 
in the final results. Nevertheless, large areas in the lower latitudes 
were added in which the trend of the correlation could be examined 
with some confidence. 

The data for both polar caps and galactic belt are listed in Table 
XI, where log N is given for successive 10° zones (the two extreme 
zones range from o° to 7° and from 78° to go’). Survey and extra- 
survey and northern and southern fields are listed both separately 
and combined. All fields in Tables II and III were used without ex- 
ception, but numerous survey fields were omitted as indicated in 
the footnotes. The latitude effect is apparent in both survey and 
extra-survey fields, but it is more conspicuous in the latter. It seems 
probable, however, that the most reliable representation is given by 
the two groups combined. 

Figure 5 exhibits all the data for the two hemispheres, separately 
and combined. The curves for the two hemispheres are in good agree- 
ment; they cross and recross, and the greatest differences are at the 
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extremities where the data are few. The southern point nearest the 
pole, for instance, depends upon only 14 plates, while the points 
TABLE XI* 

LOG N AS A FUNCTION OF GALACTIC LATITUDE 





























| 
| 
| EXTRA-SURVEY | SURVEY TOTAL 
| ian cabin listed ee 
6 | | | 
n log N | 8B | n log N B | ” log N B OCT 
sic eciaiin | es | | ics E } eee! er eNeeey Nr ieee 
| 
| Northern Hemisphere 
: or Gee | | Me see aiid ore) | : 
78°-90°...| 18 | 2.010 | 81°9 | 19 ly 889 | 82°1 37 | 1.948 | 8220 x2 o16 
68 -77....| 45 | 2.049 | 72.6 | 30] 1.887 | 72.0] 75 | 1.984 | 72.4 |+ .026 
58 -67 53 | 1.988 | 62.2 | 54 | 1.881 | 61.7 | 107 | 1.034 | 61-9 OI! 
48 -57 | 32 | 2.032 | 54.1 | 71 | 1.892 | 52.5 | 103 | 1.935 | 53.0 i+ .008 
38 -47....| 34 | 1.873 | 43.0 | 72 | 1.804 | 42.5 | 106 | 1.887 | 42.7 |— .007 
28 -37 20 | 1.906 | 33.3 | 58 | 1.848 | 32.9 78 | 1.863 | 33.0 [-- .023 
18 —27 r4)| 1.9260 |-2326 | 38 | 2.9766: 1.22.8 52 | E.755 | 23-0 |-- .024 
8-17 10: | 203 | 13.0 | IS | 1-017 | 3356 28 | 1.533 | 13.4 |+ .065 
o- 7 I} 1.660] 7.0! I | 1.240 520 2 | 1.450| 6.0 |+0.77 
Ch Ae Sete ay) Rast Siete ee | eee BS S| ee eS ee 
| | | > > > oe 
go - 0....| 227 | 1.940 | 54-5 | 361 | 1.854 | 46.7 | 588 | 1.887 | 49.7 | prearee ree 
| | | | | | 
| —___—— See eee ees eee ee ee 
| Southern Hemisphere 
ek Ce Ry Ieee EE ee ee OY 
78-90....| 3 | 2.047 | 82.0] a1 | 2.039 | 82.3 | 14 | 2.041 | 82.2 |+0.077 
68 -77 1 ol PeReOQs Far ae | 1.044 | 72.1 ai || <t30972 72.1 |-F .OLs 
58 -67 | 15 | 2.183 | 62.1 | 40 | 1.889 | 62.4] 55 | 1.969 | 62.3 |+ .023 
48 -57. 28 | 1.932 | 52.9 41 | I 897 | 52.4 | 69 | 1.911 | 52.6 |— .o1s 
38 -47. 18 | 1.928 | 41.9 | 39 | 1.868 142-4.) 57 -| 2-087) 42.3 = .005 
28 -37. 13 | 1.840 | 32.8 | 4o | 1.766 | 32-4 | 53 | 1.784 | 32.5 |— .052 
18 -27.. 26 | -re7Or |6e227° || 35 | 1.721 | 22.7 56 | 1.712 | 22.8 |— .o16 
S=07.5..1 18 | 1.346 | 13.1 | 18 | 1.570 | 13-3 36 | 1.458 | £35251 . 000 
ey. Ee Srp Dewees =, | 4 | 1.070 | So] 4 | 1-070] 5 © |F0.675 
‘ioe me “ iz | er i i Hl The - > ea 
90-0....] 124 | 1.829 | 39.8 | 241 | 1.818 | 44.4 | 305 | 1.822 | 42.6 |.00.-- 
| | 


| 
| | ee, ee 


* The following survey fields in the galactic belt (@< 40°) are omitted (in zones 25°, 30°, and 35°) as 
seriously affected by partial obscuration bordering the zone of avoidance, or used (in the lower zones) as 
probably free from such obscuration: 


B=+35°, omit A\=320°-300° B=-—35°, omit A\=140°-150° 
30 , omit 60-90, 310-340 30 , omit 150, 340 
26. omit 60-90, 300-350 25, omit 140-160, 340-350 
20, use 10-50, [10-230 20, use 10-30, 70-120, 160-200 
I5 , use 20-50, 140-220 I5 , use 0-10, 60-110, 160-170, 190-200 
IO , use 30-40, 190-210 Io , use 70-80, IOO—-1I0, 200-210 
+ 5, use 210 — 5, use 70, 160-170, 210 


The two cluster fields at 8 = +20°, \=150° and B= +30°, \=170° are also omitted. 
+ The calculated values are derived from the equation, log N =2.115 —0.15 cosec B. 


nearest the galactic plane represent only 2 and 4 plates in the north- 
ern and southern hemispheres, respectively. 
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TABLE XI—Continued 





EXTRA-SURVEY SURVEY | TOTAL 























| | 
8 — Cw: a Cais Nl 
} #@ | log N i log N B n log N B o—C}T 
| | | 
| Combined 
| 
ar ee PRR PI oS, | 
78°-go | 20 | 2.015 81.9 | 30 | 1.044 | 82.2 51 | 1.973 82.1 |+0.009 
68 -77....] 49 | 2.053 | 72.6 | 47 | 1.908 | 72.0} 96 | 1.982 | 72.3 |+ .024 
55-07 | 68 | 2.031 | 62.2 | 04 | 1.884 | 62.0 | 162 | 1.946 | 62.1 |-+ .oo1 
48 -57. | 60 | £.980 | 53.5 | 112 | 1.894 | 52.5 | 172 | 1 926 | 52.8 |— .oor 
38 -47 | 52 | 1.856 | 42.6 | 111 | 1.885 | 42.5 | 163 | 1.887 | 42.5 |— .006 
28 -37 | 33] 1 880 | 33.1 | 98 | 1.814 | 32.7 | 131 | 1.831 | 32.8 |— .007 
18 —27 39 | 1.711 | 23.2 | 69 | 1.746 | 22.8 | 108 | 1.733 | 22.9 |+ .003 
§ -17. | 28 | 1.362 | 13.1 | 36] 1.591 | 13-5 64 | 1.491 | 13.3 |+ .028 
o-7....| 41 |1.660/ 7.0} §]| 1.104] 5.0 6 | 1.197 5.3 |+0.706 
go — Sects 351 | I.gol | 49.3 | 602 | 1.840 | 45.6 | 953 | 1.862 | 47.4 | EG a> 
| | | | 


The means for the two hemispheres combined (the crosses) are 
represented with remarkable fidelity from go” down to about 15° by 
the smooth curve 


log N=2.115—0.15 cosec B . (2) 


Below 15°, the crosses fall above the curve, a result either of selection 
or of a failure of the cosecant law. Some further information is fur- 
nished by the two triangles at 8=10°1 and 14°9, which represent 
means for all plates in the zones 8° to 12° and 13° to 17° on which any 
nebulae at all could be found, i.e., only the zone of avoidance itself 
has been excluded, while the fringe of presumably partial obscuration 
is included in the data.” Effects of selection should force the tri- 
angles below the true relation while possibly forcing the crosses 
above. It is uncertain how much significance may be attached to 





26 The results for all plates on which any nebulae are found for 8 < 22° are as follows: 














| | o- 
INTERVAL n | tooN | B ice 
| | log N | B 
18°—22° 59 I .593 20.0 —0.083 —3°3 
13-17 60 1.425 14.9 — 107 —4.4 
8-12 38 1.169 — .o91 ees 
o=7 14 0.813 +0.385 +1.5 
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the fact that the cosecant curve does fall between the crosses and 
the triangles. 

The deviations from the cosecant law, equation (2), given in Table 
XI, include only one significant residual for the two hemispheres 
combined exceeding 0.01, namely, +0.024 for the zone 68° to 77°. 

















| : 
2.0 + - 
1.8 
1.6 
= 
bo 
Be) 
T34 
T2 
10° 30° 50° fe go° 
Galactic latitude 
Fic. 5.—Log WN as a function of latitude. Data from Table XI. Circles represent 


northern latitudes; disks, southern latitudes; and crosses, the means. The two triangles 
indicate supplementary data in low latitudes as described in the text. The curve is the 
cosecant relation log N = 2.115 —0.15 cosec fp. 


Moreover, when the two lowest zones are omitted as uncertain, the 
systematic deviations of the northern and southern hemispheres from 
the cosecant law are +0.006 and —0.007, respectively. The system- 
atic difference between the two hemispheres, 0.013, is within the un- 
certainties of the data. The similarity in the distribution for the two 
hemispheres is in sharp contrast to previous results. The greatest un- 
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certainty probably arises from incompleteness in the southern hemi- 
sphere, although it may be emphasized that 60 per cent of the south- 
ern polar cap and a larger fraction of the galactic belt are included in 
the survey. 

On the assumption of uniform distribution (effects of red shift 
being ignored), the coefficient in the cosecant law indicates a differ- 
ential obscuration between 30° and the pole, and hence a total 
obscuration at the pole, of 


0.15 +0.6=0.25 pg mag. 


The optical thickness of the obscuring medium, from pole to pole, is 
therefore o.5 mag., with an estimated uncertainty of the order of 0.1 
mag. In view of the close agreement between the two hemispheres, 
the sun is presumed to be near the median plane of the obscuring 
medium. 

Two other recent investigations of the latitude effect lead to re- 
sults of the same general nature. In 1931, E. F. Carpenter” reported 
that the nebulae ‘“‘show, with some scatter, essentially uniform sur- 
face brightness approximately down to latitude 30° or 40°, where a 
diminution sets in which at 20° amounts to nearly half a magnitude.” 
Actually, the cosecant law indicates differential obscuration at 20° of 
about 0.48 mag., and in the high latitudes the obscuration is so in- 
conspicuous that Carpenter’s results cannot be considered as incon- 
sistent. 

In 1932, P. van de Kamp” ditted cosecant relations to the distri- 
bution in latitude of the Harvard survey of bright nebulae and of 
Fath’s counts in Selected Areas. The optical thickness, from pole to 
pole, was found to be of the order of 0.8 mag. from the former and 
1.4 mag. from the latter, as compared to 0.5 mag. from the present 
data. His analysis indicated, however, conspicuously greater obscu- 
ration in the southern hemisphere, and accordingly he located the 

27 Publications of the American Astronomical Society, 7, 25, 1931. The results are re- 
ported in an abstract and are not given in detail, hence they cannot be compared with 
Wirtz’s earlier investigation (Meddelanden fran Lunds Astron. Observatorium, Ser. II, 
No. 29, 1923) which indicated no conspicuous correlation between surface brightness 
and latitude. J. Dufay (Comptus rendus, 196, 101, 1933) has also discussed the material, 
finding a positive effect but of a smaller amount. 


2 Astronomical Journal, 42, 97, 1932. 
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sun well to the north of the median plane of the obscuring medium, 
in marked contrast to the present results, which indicate no appre- 
ciable difference. 

The obscuration for the most part is general rather than selective, 
since no conspicuous relation has been detected between latitude and 
color excess of nebulae. For instance, the group of spirals including 
IC 1303, at 8=+7°, has been investigated by the method of ex- 
posure-ratios and, although the data are by no means precise, it 
seems probable that the color excess, if present, does not differ by 
more than 0.2 mag. from that exhibited by nebulae in high latitudes. 
The cosecant law indicates a differential absorption of the order of 
1.8 pg mag. between the field and the pole, and hence color excess of 
any amount might be expected up to the maximum of 0.9 mag. cor- 
responding to Rayleigh scattering. 

The large color excesses of globular clusters measured by Steb- 
bins” refer for the most part to objects actually within the zone of 
avoidance and presumably affected by the isolated clouds which de- 
fine the zone. This, together with results from nebular distribution, 
suggests that the cosecant law in equation (2) may refer to material 
other than that concentrated in the great clouds. A strict interpre- 
tation of the cosecant law leads, of course, to a widely extended uni- 
form layer of diffuse matter such as Eddington and others have dis- 
cussed at length. The law was derived from mean points represent- 
ing all available fields in each latitude zone. In the polar caps this 
appears to be unobjectionable, but in the low latitudes of the galac- 
tic belt the systematic effect in longitude (Fig. 4) must be taken into 
account. Since the mean points fall close to the curve while the resid- 
uals are distributed harmonically, the excess of obscuration in the 
direction of the galactic center more or less balances the deficiency 
in the opposite direction. This fact invites speculation and suggests 
the possibility of an extensive flattened cloud of thinly distributed 
material, oriented on the galactic plane, in which the sun is located 
near the median plane but between the center and the outer rim. 
Similar clouds are actually seen as dim lens-shaped silhouettes ex- 

29 Proceedings of the National Academy of Sciences, 19, 222, 1933. Stebbins’ results, 
if referred to a uniform layer of diffuse material, would give a color excess at B=7° of 
about 0.65 mag. for distances corresponding to those of the globular clusters. 
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tending for many degrees along the Milky Way. Such speculations 
will have no significance, however, until the very complex data on 
local obscuration in low latitudes are more carefully explored and un- 
tangled. They are mentioned merely to emphasize the fact that, 
while a uniformly diffused medium may be postulated for statistical 
purposes, the present data on nebular distribution cannot be con- 
sidered as inconsistent with the assumption that the major part of 


TABLE XII 
LATITUDE CORRECTIONS, REDUCING LOG N TO THE GALACTIC POLE 








8 Apt 8 er r | Ast 
76°—go° 0.00 | coy 0.14 || 17° 0.36 
66 —90 Ol | 30 | ts | 16 39 
59 -65 .02 29 16 | 15 43 
55 —58 03 | 28 17 || 14 47 
51-54 04 2 .18 || 13 52 
48 -50 05 | 26 19 | 12 a, 
45 -47 .06 25 20 | II 64 
42 -44 .O7 | 24 22 | 10 mn 
40 -4I .08 23 23 | 9 .81 
38 -39 .O9 1} 22 a5 8 0.93 
37 .10 1 21 - 27 | 7 1.08 
35 —36 ea 1 20 . 29 6 1.28 
34 a |] 19 31 5 1.57 
32 -33 0.13 | 18 0.34 ~— || : 











* AB=0.15 (cosec B—1). 


galactic obscuration arises from isolated clouds rather than from a 
uniform medium. 

Latitude corrections, AB, derived from the cosecant law, are listed 
in Table XII. When added to log NV, they reduce the counts to the 
galactic poles. The equivalent obscuration in photographic magni- 
tudes is AB/o.6. For statistical purposes the corrections are probably 
significant down to 15°, but below 4o° the longitude effect introduces 
an artificial scatter which should be considered in interpreting re- 
sults. 

The latitude effect necessitates a revision of the reductions and 
analyses—the last step in the series of approximations. The correc- 
tion for atmospheric extinction is not affected. The corrections for 
quality and exposure time have been redetermined, but since the re- 
visions are of minor significance and do not materially affect the 
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final results, they will not be considered in detail. The application 
of the latitude corrections to the analysis of distribution in longitude 
has been anticipated, and there remains only the effect on the gen- 
eral distribution. The corrected distribution is shown in Figure 6, 
which is similar to Figure 3, but with log N reduced to the poles and 
the irregularities exhibited in greater detail. 

The range in log N formerly defined as normal distribution is di- 
vided into a central range only half as large (maximum numbers 
about twice the minimum), bordered by moderate excesses and de- 
ficiencies. The mean log N for the polar caps is 1.965, and normal 
distribution, indicated by small crosses, is now defined log NV = 1.82— 
2.11. Moderate deviations are represented by small disks for ex- 
cesses (log NV = 2.12-2.26) and small circles for deficiencies (log NV = 
1.67-1.81). The remaining symbols, for large deviations, are the 
same in both maps and have the same significance. In Figure 6, 
however, the blank fields in the zone of avoidance are omitted. 

The large circles emphasize the effects of local obscuration and the 
map represents a second approximation to their delineation. The 
failure of the cosecant law, i.e., the longitude effect in the galactic 
belt, is indicated by the frequency of large excesses in the low lati- 
tudes opposite the galactic center. Normal distribution, even when 
so narrowly defined, still dominates the polar caps and sweeps down 
to the Milky Way between the great flares in the zone of avoidance. 
Nearly 65 per cent of the fields in the polar caps are normal, and the 
others are about equally divided between excesses and deficiencies. 


FREQUENCY DISTRIBUTION OF LOG V 


The significance of normal distribution is emphasized by the fre- 
quency distribution of log N. This has been investigated in two 
steps. In the first, only fields in the polar caps were used, uncorrected 
for latitude; in the second, latitude corrections were applied, and all 
fields down to and including 15° were used, excepting those obviously 
affected by obscuration bordering the flares in the zone of avoidance. 
The data® are given in Tables XIII and XIV, where numbers of sur- 

3° Two fields only were omitted in the polar caps (Table XIII), the cluster field 


B=+55°, \=10°, and the heavily obscured survey field B= — 40°, \=140°. The fields 
in Table XIV are essentially those used in Table XI for B=15°. 
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vey and extra-survey fields are listed both separately and combined 
for successive intervals of 0.05 in log N. Fields falling on divisions 
are equally divided between the adjacent intervals. The last three 
columns in each table represent smoothed frequencies derived from 
overlapping means of three successive counts. 


TABLE XIII 
FREQUENCY DISTRIBUTION OF LOG NV 
































(82 40°) 
Counts OVERLAPPING MEANS OF THREE 
Loc NV Se ore 

Survey | Extra-survey Total Survey Extra-survey| Total 
1.40-1.45...| pgpea'd ote Re. La ie 0.3 Pee O23 
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.50=' 55... 2 2 4 2:2 Me 4.3 
55— .60.. 3.5 Pipes 8 O22 2.9 8.8 
6o- .65.. 13 rs 14.5 10.8 5 15.8 
Os— 70 16 9 25 18.3 Sg 22:57 
7O- .75 26 5.5 31.5 32.7 8.5 41.2 
75 360 56 II 67 At 2 Qg.2 50.3 
.80- .85... 41.5 II 52.5 47.8 14.7 62.5 
5 sGOs< 46 22 68 460.4 19.5 65.8 

go-1 .95 51.5 25.5 77 50.8 25.2 76 

I.95-2.00... 55 28 83 45 27 72 

2.00- <05.. s 28.5 2 ey 56 R27 28.3 61 
{05= ~20...:. 14.5 290.5 44 20.3 20.3 40.7 
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520 28S 5s 8 10 18 0:7 11.8 18.5 
Se eas sic 2:5 7 9.5 4 0.5 10.5 
530-2555 1.5 ee 4 Oe 4.8 6.5 
a5 = GEO ns). I 5 6 0.8 2.8 a4 
NE. IR ot asl 6 wis ara I I 0-3 2 2.2 
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The data are exhibited graphically in Figure 7 (for the polar cap 
alone) and in Figure 8 (for the longer list in Table XIV). Figure 7 
is included to emphasize the fact that the complication of latitude 
corrections in Figure 8 does not affect the general order of the results, 
while the additional data appreciably smooth the shapes of the 


curves. 
The outstanding feature in Figure 7 is the displacement of the 
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extra-survey group with respect to the survey, which was mentioned 
earlier in the discussion. The discrepancy is slightly reduced in Fig- 
ure 8, but remains conspicuous. 


TABLE XIV 


























FREQUENCY DISTRIBUTION OF LOG V CORRECTED FOR LATITUDE EFFECT 

Counts OVERLAPPING MEANS OF THREE 
Loc N 

Survey Extra-survey| Total | Survey | Extra-survey Total 
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BOE aes Baca cel eoscene oidte Pao eae woe Rote: eed aa AN Po aa eee O.5 0.5 
CR Alles ake ecw maton 0.5 0.5 0.3 0.3 0.7 
40> 45. I 0.5 E.5 0.3 0.5 0.8 
SARE SSO Tale si ceeiers 0.5 0.5 0.7 0.7 rg 
SO 685%. I I 2 2 F2 a4 
-§5— .60.. 5 2 7 ee: 3.8 Q:2 
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Total....] 587 331 | 918 | 587.0 | $35.3 | 918.1 











The curve for the survey fields in Figure 8 is fairly symmetrical 
about the most frequent value log V = 1.925, while that for the extra- 
survey fields exhibits an appreciable skewness with the peak about 
log N = 2.03. The skewness suggests effects of selection which, since 
it is shared by fields centered both on co-ordinates and on nebulae, 
must be referred to abnormal distribution rather than to the sup- 
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position, once current, that small nebulae tend to cluster around 
large nebulae. Minor selective effects are clearly evident and most 
of the skewness can be traced to about fifty apparently abnormal 
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Fic. 7.—Frequency distribution of log N for fields in the polar caps with no correc- 
tion for latitude effect. Data from Table XIII. Circles represent the 395 survey fields; 
crosses, the 244 extra-survey fields; disks, the combined data, 6309 fields. 
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Fic. 8.—Frequency distribution of log NV reduced to the galactic poles. Data from 
Table XIV. Crosses represent the 331 extra-survey fields; circles, the 587 survey fields; 
disks, the combined data, 918 fields. The smooth curves through the survey fields and 
the combined data (the two upper curves) are normal error-curves adjusted to the 


points. 
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fields. Attempts to improve the data involve rather arbitrary meth- 
ods and criteria, however, and eventually the two groups, survey and 
extra-survey, were simply combined. This procedure gives the broad 
features of the frequency distribution as indicated by the sum total 
of the data without prejudice to the minor deviations which more 
detailed analysis may ultimately disentangle. 

The curve represents a random distribution of log N—the per- 
centage deviations from the geometrical mean of the counts are dis- 
tributed according to the normal error-curve. This probably corre- 
sponds to what may be termed a normal distribution of the counts 
themselves, which, since they range upward from a finite lower limit, 
may be expected to exhibit a positive skewness in their frequency 
distribution. The transformation to logarithms, which range in the- 
ory from minus to plus infinity, offers a possibility of representation 
by the Gaussian curve which is actually realized by the data to a 
very close approximation. This feature characterizes all the data 
from the regions of normal distribution, including the original un- 
corrected counts as well as those reduced to the standard conditions, 
and in addition the counts by Curtis and the Harvard survey of the 
brighter nebulae. The approximately Gaussian distribution of log V 
may therefore be considered an observed characteristic of nebular 
distribution except in so far as modified by local galactic obscura- 
tion. 

A detailed analysis of the curves, including the influence of reduc- 
tions, the calculation of numerical characteristics, possible interpre- 
tations, etc., is reserved for a more extended discussion. Meanwhile, 
it may be mentioned that the upper curve in Figure 8, representing 
the most extensive list of data, has a range in log N of the order of 
1.0 (1.5-2.5 when seven fields are omitted from the total of 918) and 
a “probable error” of the order of 0.12 for a single field, including 
errors of observation and of reduction. The mode and mean are 
about equal at log N = 1.965 (92 nebulae), and the standard samples 
are derived from counts averaging about fifty nebulae per field in 
the polar caps. The dispersion in any other random collection of 
homogeneous samples should be comparable with these results when 
adjusted for relative richness of the samples. Moreover, since the 
average richness depends upon volumes of space and not upon angu- 
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lar areas represented by samples, the statement may be expected to 
apply to counts of bright nebulae over large areas as well as counts 
of faint nebulae over small areas. 

The Harvard survey, for instance, includes about 738 nebulae in 
the polar caps brighter than 13.0 pg mag. The caps can each be very 
simply divided into say 40 equal areas by dividing each 10° zone, e.g., 
40°-50°, 50°60", etc., into the appropriate number of blocks and 
combining the odd bits left over. In an actual trial, 8 of the 80 fields 
were blank, and in general the frequency of the fields diminished as 
the number of nebulae increased. Nevertheless, when logarithms 
were used, a fairly symmetrical distribution was suggested with a 
peak at about o.90 and a probable error of the order of +0.28. When 
adjacent pairs of areas were combined and only 4o areas were used 
for the distribution, no field was blank and the approximation to a 
Gaussian curve was much improved. The most frequent log NV was 
then about 1.10 and the probable error about Xo0.24. 

Curtis’ counts, including 177 fields in the polar caps, 1 of which 
is blank, show the same features—a conspicuous positive skewness 
in the distribution of numbers but an approximately Gaussian dis- 
tribution of logarithms with the peak at about log NV =1.30 and a 
probable error of the order of +0.20. The approximation is closer 
when Curtis’ counts are corrected for varying quality and exposure 
times—a conclusion derived from an examination of the plates made 
possible through the courtesy of the Director of the Lick Observatory. 
The most frequent log N is then about 1.40 and the probable error 
of the order of +0.18. 

Fath’s counts in Selected Areas include 55 fields in the polar caps, 
2 of which are blank. They do not conform so well, but the failure 
can be attributed to the wide range in the limiting magnitudes of the 
plates. A forced representation of the data suggests a most frequent 
log N of about 0.95 with a probable error of the order of 0.30. 


CLUSTERS OF NEBULAE 
The great clusters, recognized as such from casual inspection, have 
not been included in the discussions. They are relatively rare; per- 
haps twenty are recognized at the present time, and most of them 
have been photographed at Mount Wilson. If included in Figure 8 
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they would in general fall beyond log N =2.40 and increase the 
slight excess over the error-curve which is already apparent. The 
excess may indicate unrecognized clusters, but at least part of it re- 
fers to the artificial scatter introduced by the reductions. 

The usage of the term “cluster” is quite arbitrary, ranging from 
the conservative practice which applies the name only to the great 
conspicuous examples to the other extreme in which almost any 
grouping is glorified by the title. The writer is obviously a conserva- 
tive, and the following remarks apply only to the great aggregations of 
several hundred members each. Three such clusters in the northern 
sky—those in Virgo and Coma, both well known, and the new clus- 
ter in Corona Borealis found on the survey plate at B= +55°, A=10° 
—are especially important, since they are extraordinarily rich and at 
widely different distances. For these reasons they afford excellent 
opportunities for statistical investigations of characteristics which 
vary with distance. Each contains between five hundred and one 
thousand members of various types, and their distances are of the 
order of 2, 14, and 4o million parsecs, respectively. 

Clusters were found in only two other survey fields, namely, B= 
+20°,k=150° (Gemini) and 8 = +30°,A\=170° (Cancer). Thus, from 
the survey fields, the frequency is uncertainly estimated as of the 
order of 3 clusters per 590 fields, or 1 per 100 square degrees. Mayall 
and the writer found two faint clusters in a survey covering 50 Square 
degrees in the Virgo cluster, and Baade reports two typical clusters 
and one doubtful case from a survey of 103 square degrees in Ursa 
Major made with the 1-m reflector at Hamburg. These scanty data 
suggest a frequency of the order of perhaps 1 cluster per 50 square 
degrees." On the assumption of an average population of four to 

3« Results of neither survey are published. Baade’s data were communicated pri- 
vately to the writer with permission to mention them. The clusters in Gemini and in 
Cancer (the latter found independently by Carpenter at the Steward Observatory) and 
one of the clusters in Ursa Major (found independently at Mount Wilson) are described 
in Mt. Wilson Contr., No. 427; Astrophysical Journal, 74, 43, 1931. 

The Harvard survey of the Virgo cluster (7arvard Bulletin, No. 865, 1929) calls at- 
tention to five independent groups in the area of about 125 square degrees covered by 
the survey. None of these is within the smaller area of the Mount Wilson survey, and 
only two, Harvard groups c and d, approach the dignity of clusters as the term is here 


used. On plates with the 60-inch reflector at Mount Wilson, these fields lead to log V = 
2.31 and 2.37, respectively, and hence are borderline cases. 
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five hundred nebulae per cluster, about 10 per square degree may be 
assigned to the great clusters recognized as such with large re- 
flectors,” or about 1 per cent of all nebulae to the limits involved. 
When groups are included, the clustering tendency becomes more 
appreciable and significant, especially when considered in connection 
with the systematic advance in average type from the dense clusters 
to the random nebulae. 

On the grand scale, however, the tendency to cluster averages out. 
The counts with large reflectors conform rather closely with the the- 
ory of sampling for a homogeneous population. Statistically uniform 
distribution of nebulae appears to be a general characteristic of the 
observable region as a whole. 


PART Il. NUMERICAL CALIBRATION OF THE COUNTS 
The discussion thus far has been concerned with relative numbers 
of nebulae per field. The reduction of the numbers per unit area to a 
definite limiting magnitude requires a correction for distance from 
the optical axis, here called the ‘‘coma factor,’ and the determina- 
tion of the limiting magnitude for a particular exposure time. 


COMA FACTOR 


Distortions of stellar images, the coma effect in particular, increase 
rapidly with distance from the optical axes of short-focus reflectors. 
This circumstance enhances the difficulties of distinguishing nebulae 
from stars and renders the threshold of identification a function of 
distance from the axis, the counts of nebulae tending to thin out to- 
ward the edges of the plates. The effect can be determined by com- 
bining a sufficient number of fields to smooth out accidental irregu- 
larities in distribution and plotting numbers of nebulae in concen- 
tric rings against the radii of the rings. 

For the immediate purpose, however, an even simpler procedure is 
sufficient. In addition to counts over the entire plates, Tables I-III 
list, in the columns headed J, the numbers of nebulae in central cir- 

32 Clusters on plates other than systematic surveys cannot be used with the same 
confidence since they represent a certain degree of deliberate selection. It may be signifi- 
cant, however, that 1o additional clusters appear on such Mount Wilson plates whose 
combined areas total about 400 square degrees in the regions free from the more con- 
spicuous effects of local obscuration. 
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cles with radii of 18.75 mm=5' for the 57-inch plates with the 
1oo-inch and 15.25 mm=6’g for the 45-inch plates with the 
60-inch. If the definition were uniform, the ratio of the number of 
nebulae on the entire plate to the number in the inner circle should 
be the same as the ratio of the areas. Actually the former ratio is the 
larger, since the numbers fall off in the outer regions; and in order to 
equalize them the counts for the entire plate must be multiplied by 
a factor which is the quotient of the two ratios. In this manner the 
counts may be reduced to a uniform definition over the entire plate 
equal to the average definition within the central circle. The coma 
factor, of course, must be derived for each telescope separately. The 
procedure assumes that the relative numbers of bright and faint 
nebulae are statistically uniform; but it amounts to something more 
than merely deriving the numbers per unit area from the inner cir- 
cles alone, since all plates** with six or more nebulae are included, 
whether in the polar caps or the galactic belt. 

The essential data are summarized in Table XV, which includes 
both the coma factor adopted for each telescope and the area factor. 
The area factors are merely the reciprocals of the effective areas of 
the plates expressed in square degrees, by means of which the num- 
bers of nebulae per plate are reduced to numbers per square degree. 
In deriving the coma factors, outer circles with radii double those of 
the inner were used as controls. The corresponding counts are 
omitted from Tables I-III, but the sums are given in Table XV 
where v refers to the number of fields, V, to the sums of the counts 
over the entire plate, J to the counts in the inner circle, 77 to those 
in the larger circle less the inner circle, 7+J7 to the counts in the 
larger circle complete. The data from Tables I, II, and III are 
tabulated both separately and combined. Ratios were first calcu- 
lated for each quality class in order to examine the possibility of 
systematic variations with quality, but differences were not con- 
spicuous (except for the class FP where the data are too meager for 
reliable results) and were ignored in the final determinations. 

The fields in Table III, centered on selected nebulae, required spe- 
cial treatment, since it was necessary to eliminate the central nebulae 
and correct for the areas they covered. This was accomplished with 


33 Except the cluster fields. 
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the aid of the quantities ab, the products of the two diameters of the 
nebulae, listed in the table, by means of which the areas were esti- 
mated as fractions of the inner circles. The values of ab are not pre- 
cise and are often unduly large in order to avoid uncertainties which 
might arise from small detached outliers of the later-type spirals. 


TABLE XV 


COMA FACTOR 
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Ratios for the plates centered on nebulae are more uncertain than 
the others, but it is interesting to note that the values from the two 
telescopes are one above and one below the mean ratios from the oth- 
er plates. For the two telescopes combined, the ratio from the plates 
centered on nebulae is very closely the same as that from plates cen- 
tered without reference to nebulae. This appears to dispose of the 


THE DISTRIBUTION OF EXTRA-GALACTIC NEBULAE 65 


opinion, once current, that small nebulae tend to cluster around large 
nebulae. 
NEBULAR MAGNITUDES AT THE THRESHOLD OF IDENTIFICA- 
TION FOR HOUR EXPOSURES 

Limiting photographic magnitudes on the international scale of 
nebulae at the threshold of identification for hour exposures with 
each telescope are given in Table XVI. The internal agreement is 
good, since each value represents the mean of several selected plates 
for a field rich in nebulae. The more important systematic scale 
error, however, is less certain. Only two standard sequences, the 
Pole and S.A. 57, were used for the comparisons, and only the latter 


TABLE XVI 


THRESHOLD MAGNITUDES OF NEBULAE FOR ONE-HOUR EXPOSURES 
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was available for direct use with the 1oo-inch. The two standard se- 
quences were compared directly down to about 19.0 by the writer 
with the 60-inch. The scale in S.A. 57 was extended to 19.5 and faint- 
er with the 1oo-inch by Baade, who has very kindly permitted the 
use of his unpublished results. 

With the aid of these standards, sequences of stellar magnitudes 
were established in each field listed in Table XVI which were con- 
sidered reliable to 19.0 or 19.5 and could be extrapolated with reason- 
able confidence to 20.0 or thereabouts. Magnitudes of small faint 
nebulae were then derived from long-exposure schraffierkassette 
plates taken with the 1oo-inch, with images about 1 mm square, 
which to limits ranging from 19.0 to 19.3 are considered to be of the 
same order of accuracy as the stellar magnitudes. These values are 
the standard nebular magnitudes upon which the results in Table 
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XVI are ultimately based, although the latter in general depend upon 
extrapolations. 

With the 60-inch, standard magnitudes were available for thresh- 
old images on direct exposures ranging up to about forty-five min- 
utes and, with slight extrapolations, up to the full hour. With the 
100-inch, however, even thirty minutes’ direct exposure generally 
involved some extrapolation, and estimates of threshold magnitudes 
for hour exposures depended upon the relation between limiting 
magnitude and exposure time for the particular observing condi- 
tions. The latter relation assumes such importance that an extensive 
collection of data was assembled from plates by several different ob- 
servers, using different telescopes and observing conditions. These 
data all led to the same conclusion, namely, that for small surface 
images at the threshold of fully developed Eastman 40 plates, ex- 
posed from about ten minutes to two hours, the simple reciprocity 
law very closely represents the observations.*4_ The Schwarzschild 
exponent is not less than unity and occasionally, possibly under op- 
tical conditions of sky fog, may be greater than unity. The reciproc- 
ity law in its appropriate form, 


Threshold mag.= 2.5 log E+C , 


was therefore used to extrapolate the observed threshold magnitudes 
on direct exposures from fifteen to forty-five minutes to correspond- 
ing magnitudes for one-hour exposures. 

Another and independent approach to the subject is offered by a 
relation previously derived*> between surface brightness and diam- 


34 The data were derived from plates under the following conditions: (a) 1oo-inch 
with schraffierkassette, images 2mm and 1 mm square, exposures 6-180 minutes, magni- 
tudes from Selected Area No. 57. Plates by the writer. (b) 10-inch Cooke refractor 
with schraffierkassette, images 2 mm and 1 mm square, exposures 4-110 minutes, 
magnitudes from N.P.S. Plates by Willis and by Christie. (c) 5-inch Ross camera 
extra-focal, with excellent uniform images 1.1 mm and 0.45 mm in diameter, exposure 
10-120 minutes, magnitudes from N.P.S. Plates by Willis. 

The investigation consisted in identifying the faintest star images seen with certainty 
and comparing the known magnitudes with the logarithms of the exposure times. Each 
group, representing a particular size of image with a particular instrument, was exam- 
ined separately and no group suggested a Schwarzschild exponent less than unity. A 
detailed discussion of the investigation will be given later. 

35 Mt. Wilson Contr., No. 453; Astrophysical Journal, 76, 106, 1932. 
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eters of threshold images on Eastman 4o plates. For very small im- 
ages the total magnitude is independent of the size; for very large 
images the surface brightness is independent of the size. The ob- 
served relation is a smooth transition between these limiting condi- 
tions and was determined numerically for the express purpose of de- 
riving statistical values for limiting magnitudes of nebulae in the 
present investigation. 

The data for large images were derived from extra-focal exposures 
ranging from one to ninety minutes and were originally reduced to a 
uniform exposure time by means of the assumption that tripling the 
exposure increases the limit of the plate by 1 mag. This assumption 
is now believed to be wrong for surface images, and, in fact, an in- 
spection of residuals in the previous discussion indicates some sys- 
tematic deviations in the direction anticipated. The data have been 
reduced on the assumption of a strict reciprocity law, and new 
curves derived accordingly. The major features are unaffected, al- 
though the numerical values are slightly modified and the former 
systematic discrepancy between the two reflectors appreciably re- 
duced. Systematic deviations related to exposure times are still ap- 
parent but opposite in direction to those found on the assumption 
previously used. It appears, therefore, that the particular data-are 
best represented by an intermediate form of the law of blackening 
and that mean values from the two curves will not be greatly in error. 

This conclusion was confirmed by an inspection of a large number 
of plates of qualities E and GE, which indicated that the average 
diameters of threshold images of the nebulae actually identified are 
of the order of 4” and 5” for the 10o0-inch and 60-inch, respectively. 
The corresponding total magnitudes for hour exposures, as derived 
from the curves of surface brightness revised by the reciprocity law, 
are 20.06 and 19.50, and 19.72 and 19.30 from the curves as originally 
published. The differences for the two instruments are only 0.34 and 
0.2 mag., respectively. The mean values, 19.89 and 19.40, should be 
of the proper order at least, and are in fact in fair agreement with the 
values in Table XVI. Another way of stating the agreement is that 
the mean values correspond to diameters of 4725 and 575 from the 
reciprocity-curve and of 3” and 4"5 from the original curve for the 
two reflectors, respectively, and that these values are all of the gen- 
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eral order of the limiting diameters of nebulae actually identified. In 
view of the uncertainties in estimating diameters of threshold im- 
ages, the agreement is all that can be expected, and the values in 
Table XVI are used in the discussions which follow. 

The fact that the adopted values are a half-magnitude and more 
brighter than the limiting magnitudes for star images on good plates 
suggests that many nebulae below the threshold of identification are 
recorded on the plates and that their numbers may be comparable 
with those of the nebulae actually identified. A comparison of eight 


TABLE XVII 


NUMBERS OF NEBULAE PER SQUARE DEGREE TO 
DEFINITE LIMITING MAGNITUDE 
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two-hour exposures with the roo-inch with one-hour exposures of the 
same fields with the 60-inch amply confirmed this expectation, indi- 
cating about 300 unrecognizable nebulae on the 60-inch plates in ad- 
dition to 395 which had previously been identified. The available 
data are insufficient for a comprehensive discussion of the subthresh- 
old images, but for the immediate purpose such a discussion is un- 
necessary, provided a definite threshold is consistently maintained 
and the corresponding limiting magnitude fairly established. The 
data emphasize, however, the importance of personal equations and 
their calibration. 


NUMBERS OF NEBULAE PER SQUARE DEGREE TO 
DEFINITE LIMITING MAGNITUDES 
The counts can now be reduced to numbers of nebulae per square 
degree. The mean log N for the 1oo-inch, from the upper curve in 
Figure 8, is 1.965, and for the 60-inch is 0.16 less, or 1.805. When the 
logarithms of the coma and area factors (Table XV) are added, the 
results are as shown in Table XVII. 


THE DISTRIBUTION OF EXTRA-GALACTIC NEBULAE 69 


Assuming uniform distribution and ignoring effects of red shifts, 
we have from these results the relation 


log Vn=0.6m— 9.335 (100-in.) 
9.324 (60-in.) 
9.33 (mean) 


EFFECT OF THE RED SHIFT 


Regardless of the unit of distance, the red shift is approximately 
indicated by the relation*® 


log v=0.2m+0.5 , 


where v is the red shift expressed as a velocity in km/sec. and m 
the photographic magnitude corrected for the effect of the shift. At 
m = 20, the velocity is of the order of 30,000 km/sec. and d\/d about 
ro per cent. Some simple approximations already published* indi- 
cate that the effect on the photographic magnitudes at such dis- 
tances is very appreciable and cannot be ignored.*7 

The approximations were based on two assumptions. The first, 
that dd/) is constant throughout the spectrum, is established within 
the uncertainties over an observed range between the emission lines 
normally at 5007 and 3727 A and is generally accepted by those who 
interpret the shifts as Doppler effects. The second assumption is 
that nebular luminosity approximates black-body radiation, with 
effective spectral type, G3d, temperature, and color (for nebulae 
showing small shifts) similar to those of the sun. The normal ob- 
served spectra are similar to the solar spectrum as far as the small 
scale permits comparison, and for the brightest nebulae, the greater 
the scale the closer the analogy, except for the widened lines in the 
nebular spectra. It is possible that the mixture of stars supposed to 
exist in nebulae may seriously affect the assumed distribution of 

36 Mt. Wilson Contr., No. 427; Astrophysical Journal, 74, 43, 1931. For the present 
purpose, the significant quantity is d\/A. From the relation above, log d\/A=0.2m—5 
approximately. 

37 J. Stobbe (Astronomische Nachrichten, 243, 53, 1931) has constructed intensity- 
curves for black-body radiation at various temperatures, as affected by red shifts of 


various amounts. These indicate the effect on the bolometric intensity at any wave- 
length and furnish data for following the effect up to the photographic magnitudes. 
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energy, and there are some reasons for believing that even the nearer 
nebulae in high latitudes exhibit an appreciable color excess. For the 
present, however, we may use the assumption as a first approxima- 
tion. 

On these two assumptions red shifts produce redistributions of 
intensity which can be represented by new black-body curves cor- 
responding to lower temperatures, and hence to later spectral types. 
The decrease in v introduces an increment to the bolometric magni- 
tude that can be followed in a purely empirical manner up to the 
photographic magnitude, which it enters in a magnified form. De- 


TABLE XVIII 


OBSERVED PHOTOGRAPHIC MAGNITUDES OF NEBULAE CORRECTED 
FOR EFFECT OF RED SHIFT 
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tails will be found in the previous publication,** where Am,, are tabu- 
lated for various values of dd/X. 

Table XVIII, giving corrected photographic magnitudes cor- 
responding to various observed magnitudes, is derived from these 
data. The corrected limiting magnitudes for one-hour exposures 
with the roo-inch and 60-inch reflectors are 19.6 and 19.1, respective- 
ly. The revised relation between numbers of nebulae and limiting 
magnitude is 

log V,,=0.6m—9.095 (100-in.) 


9.140 (60-in.) 


9.12 (mean) 


where m now refers to the corrected apparent magnitude. Unless the 
estimated effects of red shifts are greatly in error, the relation may be 
expected to hold generally. 

38 Mt. Wilson Contr., No. 427; Astrophysical Journal, 74, 43, 1931- 
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The Harvard survey of brighter nebulae leads to a fairly sym- 
metrical frequency distribution of log NV in the polar caps around a 
mode at about log NV = —1.46 per square degree.*? The correspond- 
ing limit of survey is (9.12— 1.46) +0.6 =12.8, which is very close to 
the limit assigned by the authors of the survey. 

The Harvard counts of fainter nebulae have not been sufficiently 
calibrated for a comparison to indicate more than the general order 
of the agreement. The most extensive data*® are given in the form of 
mean values, log V per square degree, reduced to a uniform limiting 
stellar magnitude of 18.2, for successive zones of latitude 10° wide. 
One hundred and forty-five fields in the polar caps are included, each 
representing g square degrees. The mean log N for this extensive 
material is 1.26, or 1.30 if the latitude corrections for the middle of 
each zone are added. The latter value corresponds to a corrected 
limiting magnitude of 17.4, or an observed magnitude of about 17.5, 
which is of the general order to be expected for a limiting stellar 
magnitude of 18.2. 

Other fragmentary data are fairly consistent, although no great 
weight can be assigned to the results. For instance, unpublished 
counts of about two thousand nebulae in twenty fields with the 1o- 
inch Cooke refractor at Mount Wilson indicate an average of about 
three nebulae per square degree to a limiting magnitude of about 
16.0. These are round numbers, but the calculated limit is 16.0, plus 
a correction of less than 0.1 mag., which indicates the order of the 
agreement. 

Seares’s" analysis of Fath’s counts in Selected Areas indicates an 
average of about 14 nebulae per square degree over the polar caps— 
55 fields are in these regions—representing a calculated observed 
limit of about 17.2 as compared with Seares’s estimates of 18.6 for 
the average stellar limiting magnitude. The apparent discrepancy is 
due largely to the personal equation in the counts since an inspec- 

39 A mean value can be used if proper allowance is made for the Virgo cluster. Thus, 
about 625 nebulae are scattered over the 14,600 square degrees in the polar caps (less 
the area of the Virgo cluster), or approximately 1 nebula per 23.5 square degrees. 
Log N is thus of the order of — 1.37 and the resulting m of the order of (9.12—1.37) +0.6 
= 12.9. 

4° Proceedings of the National Academy of Sciences, 19, 389, 1933: 

4 Mt. Wilson Contr., No. 297; Astrophysical Journal, 62, 168, 1925. 








72 EDWIN HUBBLE 


tion of the plates clearly indicates the very conservative criteria used 
in the identification of nebulae. 

Curtis’ counts can be used with confidence only when fully cali- 
brated, but a preliminary comparison of fields included in the Mount 
Wilson collection suggests an agreement in the general order of the 
results which detailed investigation may be expected to confirm. 

The nebulae increase with limiting magnitude at such a rate that 
near the galactic poles they equal the stars in number* at about 
21.25 mag. Since this limit represents rather closely the threshold of 
identification that can be reached with long exposures under good 
conditions with the 1oo-inch, the equality offers an interesting meas- 
ure of the greatest penetrating power available at the present time. 
Log WN at the limit is about 3.25, corresponding to about 1780 nebulae 
per square degree, or 75,000,000 over the sphere. The number ac- 
tually observable is reduced by local obscuration, but the reduction 
is more than compensated by the numbers registered below the 
threshold of identification. It is interesting also that the number is 
only a fraction, possibly one-third, of the number that would be ex- 
pected in the absence of fading due to red shifts over and above the 
fading due to distance alone. 


DENSITY OF NEBULAR DISTRIBUTION 
Since the density of nebulae in space is merely the numbers di- 
vided by the volume, 


log p=log N—log V ; 
and since for the entire sphere, in nebulae per cubic parsec, 
log N=0.6m—9.12+4.62 , 
=0.6mM— 4.50 ; 
and 


log V=log : rt3("——*5) , 


=0.6m—0.6M +3.62 , 


42 Mt. Wilson Contr., No. 301; Astrophysical Journal, 62, 320, 1925. 
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it follows that 
log p=0.6M —8.12, 


where M is the mean absolute photographic magnitude of nebulae. 
The density is expressed in this form because M is still uncertain, 
owing largely to uncertainties in the scale of apparent magnitudes. 
The value*? M = — 13.8, derived from Holetschek’s visual magnitudes 
corrected by a color index, gives log p= —16.40. Another value, 
M = 14.5, giving log p= — 16.82, was derived for isolated nebulae by 
H. Knox-Shaw‘* and has since been used by Shapley.* The latter 
value was based upon the Harvard magnitudes of bright nebulae, 
which were derived from direct comparisons with star images on 
focal exposures, and hence are subject to possible scale errors of the 
kind exhibited in an exaggerated form by the Harvard magnitudes of 
globular clusters. Discrepancies of this order will continue to be cur- 
rent until a reliable system of photographic magnitudes is available, 
derived from large uniform images comparable for both stars and 
nebulae. Such a program is under way at Mount Wilson, involving 
extra-focal exposures and the schraffierkassette with various tele- 
scopes, and until the necessary data are available, either here or else- 
where, there is little point in enlarging the discussion. 


MASSES OF NEBULAE 


A revision of the data on the masses of nebulae is possible and 
may have some significance since the derivation of the density of 
matter in space is only slightly affected by uncertainties in the abso- 
lute magnitudes. The most hopeful present prospect of deriving 
masses appears to be Opik’s assumption that, on the average, the 
mass is a constant multiple of the luminosity, 


Mass= 6X Luminosity. 
The factor 6 can be evaluated from masses of particular nebulae as 


indicated by spectrographic rotation, and then applied to the mean 


43 Mt. Wilson Contr., No. 427; Astrophysical Journal, 74, 43, 1931. 
44 Monthly Notices of the Royal Astronomical Society, 93, 304, 1933- 
43 Proceedings of the National Academy of Sciences, 19, 591, 1933- 
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luminosity of nebulae in general. Reliable data on rotations share 
with the magnitude scale the distinction of being the most pressing 
immediate need in the general field of nebular investigations. Such 
data are restricted at present to the three nebulae M 31, M 33, and 
NGC 4594, in addition to the galactic system itself; and in each case 
the evaluation of the factor 6 is subject to uncertainties from other 
sources. Two of the three nebulae are among the brightest known, 
and hence a simple mean of the masses cannot represent the nebulae 
in general. The factor 6, or some equivalent, must be introduced, 
and hence it is important to estimate the order of the factor. The 
uncertainties are so great, however, that the discussion will be re- 
stricted to simple estimates of the general order, with no claim to 
precision. 

Messier 31.—No revision of the mass-luminosity relation is avail- 
able for this spiral, although it is hoped that continued spectro- 
graphic observations of the clusters scattered throughout the nebula 
may contribute information concerning the outer regions which can 
be added to the rotational data already available for the nuclear re- 
gion. The greatest uncertainty in the factor 0 arises from the neces- 
sity of extrapolating the mass from the nuclear region actually ob- 
served to the entire nebula, together with uncertainties in the mag- 
nitudes. The difficulties are discussed in a former publication‘ 
where a tentative value of the factor, 5.5, is estimated for mass and 
luminosity expressed in terms of the sun as the unit. 

Messier 33.—The distance and the luminosity are fairly well 
known, as is also the radial velocity of NGC 604, a bright patch of 
emission nebulosity near the major axis and about 700” from the 
nucleus. The bright lines in NGC 604 have been measured with mod- 
erately large dispersion, and the velocity, — 270 km/sec., is probably 
certain within 10 km/sec. A new value for the velocity of the nu- 
cleus has been derived by Humason from several plates, one with 
relatively large dispersion. This value,47 — 320 km/sec., is probably 
correct within 20 km/sec., and agrees with those for M 31 and its 


46 Mt. Wilson Contr., No. 376; Astrophysical Journal, 69, 103, 1929. 


47 This represents a revision, based upon new data, of the value — 330, given in the 
catalogue of velocities (Publications of the Lick Observatory, 18, 1932). The unpublished 
results were privately communicated to the writer with permission to use them. 
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companions in reflecting the rotation of the sun around the galactic 
center. 

The differential velocity of NGC 604, 50 km/sec., when corrected 
for tilt of the plane of the spiral, gives a rotational velocity of 67 
km/sec., which is uncertain by perhaps half its value. Nevertheless 
it represents a decided improvement on the former value* and in- 
dicates a revised mass of the order of 9 X10°©, which is more con- 
sistent with the other nebulae. The photographic absolute magni- 
tude is of the order of — 13.9, hence the luminosity is about 7 X 1070, 
and the factor 6, about 13. 

NGC 4594.—The distance as indicated by the red shift is of the 
order of 2,000,000 parsecs, subject to uncertainties arising from the 
unknown peculiar motion. The rotation is measured out to about 
two minutes of arc from the nucleus, where it reaches 330 km/sec., 
and hence the contribution of the luminosity from the outer unob- 
served regions is unimportant. The mass is estimated as of the order 
of 3 X10", although some questionable assumptions are introduced 
concerning the nature of the rotation. The apparent photographic 
magnitude is given in the Harvard survey as 8.0, but extra-focal and 
schraffierkassette plates with the 5-inch and 1o-inch cameras indi- 
cate that it is probably a magnitude fainter,*? and hence that the ab- 
solute luminosity is about 2X10°©. The factor 6 is then about 15. 

The three values of b—5, 13, and 15—-suggest a factor of the order 
of 10 for nebulae in general. The mean mass is then of the order of 
6X10° or 109©, depending on the adoption of —13.8 or —14.5 as 
the mean absolute magnitude. 


DENSITY OF MATTER IN SPACE 


The mean mass of nebulae, in terms of the sun as the unit, is 


log Mass=log b+0.4(5.7—M) . 


4 The mass of M 33 was formerly estimated on the basis of a nuclear velocity of 
—7o km/sec., a value recognized as very uncertain since it was derived from a single 
plate of very low dispersion. 

49 The precise value is uncertain owing to uncertainties in the comparison stars. 
If the 7D magnitudes are used the nebula is about 9.8, nearly the same magnitude as 
that of the star BD—11°3342, listed in the HD as Go, 9.3 visual and 9.9 photographic. 
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Hence, from the previous expression for the density of nebular dis- 
tribution, 


log p=0.2M+log b—5.84 , 


where the density is expressed in suns per cubic parsec. In grams per 
cubic centimeter, 


log p=0.2M+log b— 28.02. 


Since log 0 is of the order of unity and M is variously estimated as 
—13.8 to —14.5, 
log p= — 29.8 or — 29.9 , 


with an uncertainty probably less than 0.5. The round number — 30 
is convenient and within the uncertainties. It has been widely used 
of late, although the justification has been largely convenience rather 
than quantitative investigation. The value is of the order of ten 
times greater than the first tentative estimate put forward in 1926, 
and it is believed that further significant revisions of the order of the 
density must await more extensive investigations of spectrographic 
rotations. 

The discussion, of course, ignores the existence of internebular 
matter, the density of which, even in an optimal form, might be 
several thousand times greater without introducing appreciable ab- 
sorption. Since absorption depends upon the state of the material 
(the density for large meteorites, for instance, might surpass that of 
the galactic system without introducing appreciable obscuration), 
upper limits can be assigned to the density of internebular space only 
from dynamical considerations. 
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THE RADIAL-VELOCITY VARIATIONS OF V URSAE 
MINORIS, R SAGITTAE, AND V VULPECULAE? 
By ROSCOE F. SANFORD 


ABSTRACT 

The observations.—Table IT gives the radial velocities for V Ursae Minoris, R Sagit- 
tae, and V Vulpeculae obtained at Mount Wilson, mostly with a dispersion of about 
75 A per millimeter at Hy. 

Velocity variation.—Plots in Figs. 1-3, respectively, by means of periods obtained 
from recent studies of extensive photometric data, fail to reveal any regularity in the 
velocity variations. These results are perhaps explicable on the assumption that the 
form of the velocity-curve changes markedly in the intervals over which the respective 
observations extend. 

Spectral changes.—R Sagittae to some extent, and V Vulpeculae more definitely, 
undergo spectral changes and show the earliest type at maximum and the latest at mini- 
mum. The hydrogen-line absorption and the G band become progressively stronger 
from maximum to minimum light. In V Vulpeculae the bands of titanium oxide appear 
near one of the minima. 

The variation of stars of the RV Tauri class is very imperfectly 
understood. Unquestioned light variation exists, but, unlike that 
of the Cepheids, is far from simple, for it does not repeat its form 
precisely over any considerable time. 

A number of stars of this class are known to have variable radial 
velocities, but thus far only two have been so extensively observed 
with moderately high dispersion as to permit judgment of the nature 
of the variation. These two are AC Herculis? and U Monocerotis,3 
which give evidence of variation in a period the same as that of the 
light variation and probably with a double amplitude. The veloci- 
ties scatter so about the mean results, however, that the variation 
itself must in some manner change. It is not surprising that fainter 
stars of this class have yielded even less positive results, since the 
radial velocities for the most part have been obtained with lower 
dispersion. 

Several spectrograms have been obtained at Mount Wilson for 
each of the stars listed in Table I. 

The radial velocities (Table II) are in each case well distributed in 

Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 481. 

2 Mt. Wilson Contr., No. 424; Astrophysical Journal, 73, 364, 1931. 

3 Mt. Wilson Contr., No. 465; Astrophysical Journal, 77, 120, 1933. 
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phase, but conform so poorly to a mean curve that it is not thought 
worth while to continue the observations. The dispersion usually 
employed was about 75 A per millimeter at Hy. An asterisk follow- 
ing a plate number in Table II indicates a dispersion approximately 
double this value. 





TABLE I 
rs | | | | | 
Variable | H.D. | B.D. Sp. | Mag. | a(1900) | 5(1900) Period 
VUMin......| 119227 | +75° 512} M4 |7.1- 8 ry 13°36™9| +74°40'| 73834 
R Sgte........] 192388 16 4197} CG7 |8.6-10.4) 20 9.5| 16 25| 70.88 
| 20 32.3| +26 16] 75.678 


VAGID. <5 Barer | +26 3937 cGsp 8 2- 9-9} | 
| 








V URSAE MINORIS 


The sixteen radial velocities of this variable cover an interval of 
eight years. Their extreme range is 29 km/sec. (—150 to —179 
km/sec.) and their mean —165 km/sec. The mean derived from 
twenty low-dispersion spectrograms by R. O. Redman’ is also — 165 
km/sec., if the systematic correction’ recommended by him is ap- 
plied. The range for Redman’s values is from —155 to —180, or 
25 km/sec., during an interval of a little more than five months. 

Certain observations of this star indicate the accuracy obtainable 
with the dispersion used for most of the spectrograms in Table II, 
provided the velocities do not change appreciably in an hour or two. 
Two values were obtained on J.D. 2426075, one at Victoria and one 
at Mount Wilson, and in five cases Redman obtained two spectro- 
grams on the same night. The differences for these six pairs of values 
(Table III) indicate that the measured velocities are without doubt 
subject to errors as large as 5 km/sec. 

The sixteen Mount Wilson and the twenty-two Victoria radial 
velocities with a range of 29 km/sec. have been plotted in Figure 1 
with phases derived from® 

Max.=J.D. 2418978 .3+73134E—040055E? . 
If the radial velocity undergoes the same change during each cycle, 
the general character of the change should be revealed by these ob- 


4 Monthly Notices of the Royal Astronomical Society, 92, 109, 1931. 
5 [bid., p. 118. © B. Gerasimovit, Harvard Circular, No. 388, 1929. 


V URSAE MINORIS, R SAGITTAE, V VULPECULAE 79 


TABLE II 


RADIAL VELOCITIES 






































Plate Date | G.M.T. Phase Velocity Qual. 
is en ane ere 
V Ursae Minoris 
| km/sec 
¥ BLOFO oc cnc oa 1923 March 27 21h37m 2d —175.2 P 
197 2d ae ee April 24 23 26 30 —150.1 Pp 
ERIS os ook oe May 7 Ig 50 43 —160.7 F 
1B iy Sear Pee 23 IQ 25 59 —153.4 F 
TASS7>..-5-2-0>| IQS7 Maree re 2352 ° — 163.3 F 
TORGQ ss adicaae- 1929 April 27 17 45 50 —161.3 F 
EOOOD,. o/s s 2 52 May 23 18 41 4 —157.7 Ee 
16633 June 16 18 28 28 —174.3 F 
FOOT sc eee 26 7 19 38 —161.8 G 
Co) ee 1930 April 8 20 40 34 —156.0 G- 
EVAAO: (2 6 asses ave May 9 20 36 65 —1603.4 F+ 
EAN aac ens June’ 5 16 25 20 —161.2 F 
oe, ese 7 17 43 22 —174.4 G— 
PAGS Ie 5 ote July 5 7 27 51 —179.0 G 
BBO SS ois ¢cenierens 1931 Feb. I 23 02 44 172.1 G 
18079 May I 21 38 | 61 —177.1 | G 
| | 
R Sagittae 
Yo GOAG. occas 1918 Aug. 21 20 44 14.8 — 8.2 G 
CD ae 1919 July 4 22 47 48.3 + 31.8 P 
Sim 0") re 1922 Sept. 30 15 33 27.2 + 0.2 | 
7 ee 1923 Aug. 18 20 12 65.9 + 8.8 F 
2450 Sept. 24 17 02 31.9 + 22.4 F 
711; era Nov. 25 15 55 23.0 + 9.2 F 
2928.... 1924 Aug. 12 IQ 25 0.6 — 1.0 G 
BOAT ait eee oes Oct. 7 17 58 56.6 + 17.2 F 
CP oa Neate 1925 July 31 18 53 70.1 + 10.8 G 
QI sate canoes Sept. 24 1Q 35 54-3 + 13.2 G 
3961*. 1926 Aug. 19 20 38 29.0 + 22.0 F 
3981 22 Ig 40 32.0 + 21.3 G— 
4027 Sept. 20 16 05 60.8 + 25.2 G 
AOR 6. tesncbaicvil Oct. 19 I5 30 18.9 + 4.2 F 
yo eae” Nov. 14 16 15 44.9 + 22.2 F 
ri eee 21 I5 10 51.9 + 20.6 G 
4145 Dec. 17 ro. 5 7.0 + 8.2 F+ 
ic |) ee cer 1927 July 17 22 10 6.7 + 4.9 G 
BAB hess cgsite foes Oct. 4 16 47 14.6 = 3.9 G 
RAO oh oae hcs fe) 17 36 20.7 — 10.1 F 
ABO. ¢ crh tee 1928 April 25 23 45 6.3 — 1.8 G 
4783 30 00 00 10.3 +> 45 G 
ABAD 50d chicaden s May 28 20 51 39.2 + 6.3 G 
ASO ce cheba’ June 3 22 69 45-3 — 0.4 x 
4844 12 22 30 54.2 — 7.6 P 
yr 24 23 03 66.3 + 5.0 G 
PT . e July 3 22 30 4.4 + 7.4 G 
ASOD ins sia ont 10 22 08 II.4 + 6.3 G 
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TABLE IIl—Continued 

















Plate | Date G.M.T. Phase Velocity Qual. 
| V Vulpeculae 
| 
| km/sec. 
SEES S32 btn | r9t9 Oct. rr | 5"44™ | 4798 + 2.8 |} G 
| Se eae ev. § | S89: | fe | —ge | & 
PROSE 3 cxinsile. | 1922 July 3 | 2310 | 60.3 —15.1 | G 
NS. cde mene Aug. 2 2333 | 14.6 ~16.0 | F 
‘e+ el ao Sept. 2 | 16 22 45-3 — 3.2 F 
IgIO. | 30 | 1647 73-3 —ag.3 d 
1980* | Oct?. o3i5| W655 28.7 —26.4 G 
2324*.........| 1923 June 26 | 2035 39.8 — 4.6 P 
OS ee, 27. | 2045 40.8 —13.4 P 
Dates ut civic | Aug. 19 | 1805 18.0 — 260.2 P 
DEO cs 5 6 hii | sept... 2 | 10°33 3710 — 9.5 F 
BRT os biesies stats | 4 | 16 40 33.9 —19.8 G- 
2454 | 26 | 16 20 55-9 — 7.2 G 
BA9Gz vis sckccts Oct. 3 |. E542 62.9 —I11.5 G 
2485 | 20 | 1620 4.3 —16.5 G 
2491 21 15 42 5.3 — 8.0 G 
BEE «2 2 cus ct re Nov. 22 | I5 50 27 33 — 9.0 P 
2883..........| 1924 July 17 | 2038 | 48.4 +04 G 
CS rT TTS so | eegs  }llCOSSS — 6.0 F 
2027. | Aug. 12 | 18 I0 | 74.3 — 9.5 G 
BOGE icc o sis ahs 21 | 21 20 | i fe | —25.5 G 
BOOK. ..0:2.3 he Sept. 8 | 19100 0CO |S 256 —23.4 G 
oo eae 13 | 19 00 | 30.6 — 0.0 G 
RORB el iSein a | 18 | 1535 | 35-4 +11.5 P 
pc eee re es Oct. 18 | 1604 | 65.5 ee ae G 
SEG 3. Sycte .:| 1925 June 4 | 23:00 6725 | =——o.r | 'G 
5960"... July 3 | 2000 20.9 | —30.2 | G 
BAO, oe cniat i 30 | 2000 | 47.9 — 6.9 | F 
M2 hoy kd Aug. 10 | 1653 | 58.8 —15.6 | G 
ee ee ee | 1927 Oct. 8 | 17 20 | 28.8 — 2.8 F - 
| | 
* A camera of 18-in. focal length was used for these spectrograms. 
TABLE III 
Km/sec. Km /sec. | A 
J.D. 2426075 '—156 (Mt. Wilson) — 166 (Victoria) +10 
5997 | 162 (Victoria) 167 (Victoria) + 5 
6020 169 (Victoria) 165 (Victoria) —4 
6064 166 (Victoria) 158 (Victoria) — 8 
6101 175 (Victoria) 157 (Victoria) —18 
6122 |—165 (Victoria) — 169 (Victoria) + 5 
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servations. It is apparent, however, that the measures scatter in- 
discriminately about their mean value. Other periods were also tried 
with no results. 
R SAGITTAE 
The twenty-eight radial velocities given in Table II have a range 
of 42 km/sec., which, in spite of the large error of measurement, is 
good evidence of a variable velocity. 














Km/sec. 
~ T T T T T T T 
ESO - 
a 
® 
e ° oO ° 
160 + ® 6 e jj 
° e 
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° 
e * $s ° 
e 
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l l 1 1 it ‘SS 
° ite) 20 30 40 50 60 70 Days 


Fic. 1.—V Ursae Minoris. Circles represent Redman’s Victoria observations; dots, 
Mount Wilson observations. Second Mount Wilson value inadvertently omitted from 
this figure. 


Gerasimovic and Hufnagel’ derived the formula 
Min.=J.D. 2422025 .8+70188E 


to represent the considerable data with which they worked. The 
phases for the radial velocities were computed with this formula and 
used as abscissae for the plot in Figure 2, in which the vertical lines 
indicate the phases for the two light maxima and minima.’ A veloc- 
ity minimum possibly occurs at maximum II, and the principal light 
minimum perhaps precedes the maximum of the radial velocities; 
but the scatter in the velocities makes any conclusion as to a periodic 
change in velocity during the light cycle uncertain. From phase 33 
to 54 days the location of the velocity-curve is quite uncertain. 

Two spectral variations are of interest: The G band is most in- 
tense at the minima and least intense at the maxima; and the ab- 
sorption at Hy shows two maxima near the phases of light minima 
and two minima with phases at or slightly preceding the light 
maxima. 


7 Op. cit., No. 340, p. 10, 1929. 
8 P. Ahnert, Astronomische Nachrichten, 239, 75, 19309. 
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V VULPECULAE 

The radial velocities have an extreme range of about 40 km/sec., 
much as for R Sagittae, which is here even stronger evidence of vari- 
ability, since nearly the full amount of this range occurs among the 
several spectrograms obtained with the higher dispersion of the 18- 
inch camera. 

Phases for the plot of velocities in Figure 3 were computed with 
Gerasimovic’s? period (754678; phases referred to minimum A). Ver- 
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Fic. 2.—Radial-velocity plot for R Sagittae 


tical lines in the figure show his determination of the phases of the 
maxima and minima of light. 

The velocities clearly do not define any simple variation with the 
precision to be expected from their probable errors. A primary mini- 
mum is indicated, however, at phase 26 days, and a primary maxi- 
mum at about phase 48 days; and there is some evidence, though 
weak, of a secondary maximum and minimum. These features are 
shown by the curve drawn (perhaps with some over-emphasis) 
through the observations. There is no correspondence of minimum 
velocity and maximum light or vice versa, but rather a tendency for 
the light maxima and minima to precede by a few days the velocity 
minima and maxima, respectively. 


2 Op. cit., No. 321, 1927. 
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That the period used is correct is perhaps indicated by the fact 
that three plates showing the bands of titanium oxide all fall within 
the narrow phase range 35-40 days, which includes the light mini- 
mum, when presumably the temperature suffers a diminution along 
with the light. This minimum is perhaps the one from which phases 
should be reckoned. 

None of these three variables displays with any certainty a veloc- 
ity variation during the photometric cycle. The results are, however, 
about what would be expected if the form of the velocity-curve 
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Fic. 3.—Radial-velocity plot for V Vulpeculae. Curve drawn arbitrarily free-hand. 
Arrow shows phase interval in which spectrum contained bands of titanium oxide. 


changes from time to time or if there is a change in the velocity of 
the center of mass. 

To obtain observations in sufficient number to define accurately 
the variation of velocity during a single cycle would be helpful. The 
length of period is, however, a serious obstacle, since at Mount Wil- 
son the program for spectrographic observations covers alternate 
fortnights. On this account these stars will probably receive little 
further attention in the near future. 

V Vulpeculae, like R Sagittae, undergoes spectral changes such 
that the earliest type is associated with light maxima and the latest 
with light minima. 


CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
June 1933 








THE RADIAL-VELOCITY VARIATION 
OF UU CASSIOPEITAE?’ 
By ROSCOE F. SANFORD 


ABSTRACT 


Light variation.—Periods of from 4 to 17 days have been assigned by different ob- 
servers to the light variation of UU Cassiopeiae. The light-curves are in some cases, 
however, complicated by secondary maxima. Luizet classified this star as a Cepheid. 

Spectrum and radial velocity —Twenty-six spectrograms over an interval of five years 
show the spectral class to be Br. The star is therefore probably not a Cepheid. The ra- 
dial velocity is variable. 

Orbital elements and relation to light variation.—The radial velocities and the best two 
series of light observations can be harmonized with the relations for an eclipsing binary 
if one-half the 17-day period is used. The velocity-curve indicates circular motion with 
an orbital velocity of at least 161 km/sec. The total mass of the system must be at least 
thirty times that of the sun. The uncertainty in the light-curves is so large that it is 
impossible to derive the data which are normally furnished by a combination of photo- 
metric and spectroscopic elements. 

The variability of UU Cassiopeiae’ was discovered by Luizet? in 
1913. From his own observations he concluded that this star is a 
Cepheid with a period of 4.314 days. Martin and Plummer’ observed 
its brightness photographically from 1917 to 1921. Assembled ac- 


cording to phases computed by 
Maximum= J.D. 2422745 .09+4931304F (G.M.T.) , 


their observations gave a light-curve with a smoothly rising branch 
and a falling branch of much greater irregularity, which they repre- 
sented by two secondary maxima. Luizet’s observed maximum fol- 
lows by half a day that computed from Martin and Plummer’s for- 
mula. 

Radial-velocity observations were begun at Mount Wilson in 1927 
and continued as opportunity permitted until June, 1932. The twen- 
ty-six serviceable spectrograms are listed in Table I. 

The star is so faint that all observations were obtained with one- 
prism spectrographs (C, 1oo-inch series; y, 60-inch series) and short- 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 482. 

2 BD+60°2629; (1900) a 23"45™7, 6 +60°21’; BD mag. 9.3. 

3 Astronomische Nachrichten, 194, 170, 1913. 

4 Monthly Notices of the Royal Astronomical Society, 81, 464, 1921. 
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focus cameras such that the dispersion was about 75 A per milli- 
meter at Hy. 

The spectrum was found to be of class B1, in which the lines are 
very poorly defined. This fact, together with the low dispersion, ex- 
plains the relatively large probable errors which these radial veloci- 
ties undoubtedly have. 


TABLE I 


RADIAL-VELOCITY OBSERVATIONS OF UU CASSIOPEIAE 








Plate Date G.M.T. Phase Velocity 
km/sec. 

Cr Ward ose fsa 1927 Oct. 4 21hoo™ 4132 — 200 
ADTO x6 nowy ccs) IQA ODE. 3 21 45 7.04 — 33 
Po A 25 20 12 3.42 —192 
MOR es ca Sivenincs Sores 26 22 03 4.49 —225 
[te ee 1929 Sept. 10 23 25 4.20 —199 
MBN ic cag ahs nrehe 12 00 O05 5.23 —270 
Vi TOO 6 oes chon hs 12 22 25 6.16 — a 
GR a eer ee 15 23 40 0.69 + 94 
AMM se ilotit ices 5 Oct. 19 21 18 0.51 + 98 
Ce 1: re 20 2I 4 1.50 — 30 
MR oc 5.55 aia ea 21 20 6 2.46 =3160 
See 1930 Aug. 13 23 35 0.38 + 94 
ENE AO vais /e,fe ale vers Sept. 11 22 57 3.79 — 208 
GY ee ear 12 22 58 4.79 — 257 

a eee eee Nov. 3 Ig 3 5.51 —174 . 
OMEN a. 9 Asa aries 4 18 58 6.50 — 48 
Pp AME Fae socal i vh aly 5 18 57 7.50 — 42 
Bee sad weds 6 IQ 13 8.51 + 92 
SN eas aide. Seb 12 18 56 5.98 — 100 
© 5767....<.<.<«-| 303¥ june 20 4333 6.11 — 72 
BRU a cienaola stom July 1 23 15 7.10 + 8 
Cri. 2 21 20 8.02 +107 
MESO foe Sks atte leis Nov. 30 18 02 6-51 —120 
FOROS or Sccsen ace Dec. 1 160 45 6.46 — 30 
FOES i ccrtpor 19 16 15 7.40 + 73 
CNGORT. vesicles 1932 June 24 23 39 8.25 + 92 

















It was soon evident, however, that the radial velocities could not 
be represented by a period of the order of four days. Moreover, the 
spectral class is most unusual for a Cepheid variable. A period twice 
as long was then tried and found not only to satisfy the radial veloci- 
ties then available but also those obtained until June, 1932, when 
the observations were discontinued since all parts of the velocity- 
curve were then covered. 

A search for later photometric measures revealed an extensive 
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series made by Seliwanow’ in 1923, 1924, and 1925, from which he 
obtained a period of 174041352. Assemblage with this period gives 
a curve which shows four maxima and four minima. Seliwanow chose 
this period rather than one of one-half or one-quarter the length be- 
cause it appeared to him that the first maximum was again dupli- 
cated only after three intervening maxima. 

Three different periods in the ratio of 1:2:4 have therefore been 
associated with this star. The simplest conception is, of course, a 
single period which satisfies both light and velocity variations. Since 
the radial velocities appear to involve a period of about eight days, 
it seemed best to see whether the light-variation could not also be 
satisfied by such a period. Phases for both photometric observa- 
tions and radial velocities were therefore computed with the expres- 
sion 


Maximum= J.D. 2423450.02+84520676E (G.M.T.) , 


in which the epoch is Seliwanow’s principal maximum and the period 
one-half his value. His observations are sufficiently numerous to give 
normal places based on individual observations within phase inter- 
vals of of25. Martin and Plummer’s observations, which are much 
less numerous, were also formed into normal places, but with group- 
ings that are less satisfactory. Separate plots for (a) radial velocities, 
(b) Seliwanow’s normals, and (c) Martin and Plummer’s normals are 
shown in Figure 1. The radial velocities are satisfactorily grouped, 
as was to be expected. With few exceptions Seliwanow’s normals 
strongly suggest that the variability is caused by eclipse, a suggestion 
which is the more plausible because the two unequal minima are in 
the proper relation to the velocities of the primary star. The deeper 
minimum has the phase 2459, which is very nearly that of the zero 
value for the primary’s velocity in changing from recession to ap- 
proach, i.e., when the primary star is eclipsed by the secondary. 
Hence phases from principal eclipse may be computed with 


Primary min.= J.D. 2423452 .61+84.520676E (G.M.T.) . 


5 Verein von Freunden der Physik und Astronomie in Nishni-Novgorod, V erdnderliche 
Sterne, 3, 151, 1931. 
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The spectroscopic orbital elements are necessarily uncertain by 
reason of the large probable error of the radial velocities. For this 
reason the observations were considered well enough represented by 


Km/sec. 


























10.4 
—30 —-2.0 —I.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 Days 


Fic. 1.—UU Cassiopeiae: (a) velocity-curve; (b) normals from Seliwanow’s light 
observations; (c) normals from Martin and Plummer’s photographic observations of 
light. 
the following circular elements obtained by comparison with a set of 
standard curves.° 

P=8.520676 
K=161 km/sec. 
= —56 km/sec. 
T=J.D. 2423450.42 (G.M.T.), time of maximum 
positive velocity 
a,sin t= 18,863,000 km 
m3 sini _ 


5 =3.6 
(m,+mz.)? 930 





The large negative value of y, the velocity of the center of mass, 
is noteworthy. The large value of K (the semi-amplitude of velocity 
variation), together with a period of more than eight days, is re- 
sponsible for the large values of the two functions (mean distance 
and mass) following the elements. The magnitude of K is established 


6 Harvard Annals, 81, 231, 1923. 
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by the radial velocities. The only escape from the eight-day period 
is the substitution of one very close to a day, a possibility not yet 
tested by two spectrograms made with a suitable interval on the 
same night. Light observations on the same night separated by 
as much as 0420 were, however, made by Martin and Plummer and 
showed practical constancy near the median magnitude, a circum- 
stance that is very unlikely in the case of a period of the order of 
one day. 

In an eclipsing system with such a mass function the total mass 
will be a minimum when the masses of primary and secondary are 
equal. For this case the total is approximately 300, whereas, for 
a secondary one-half as massive as the primary, the total mass will 
be of the order 1000. 

Little can be said with certainty in regard to the secondary except 
that its integrated photographic light cannot well be more than 
one-half that of the primary, since the spectrograms give no evidence 
of the secondary’s spectrum. This fact might tell us something of the 
relative masses, had we means of knowing whether this difference in 
total brightness results only from a difference in size. If the eclipses 
are partial, the surface brightness of the two stars would be different 
because of the inequality of the two minima. The explanation of the 
difference in total light for the two may therefore rest to some extent 
upon a difference in surface brightness, and hence on different physi- 
cal conditions. In this case no safe assertion would be possible except 
that the minimum total mass cannot be less than thirty times that 
of the sun. 

The curve a in Figure 1 and the broken straight line representing 
the velocity of the center of mass are based on the elements. Because 
of the large uncertainty, the circles representing the velocities have 
radii equivalent to 20 km/sec. 

Whether the star is an eclipsing binary or not, it merits careful 
photometric observation, because in the one case photometric ele- 
ments are required for combination with the spectroscopic elements, 
and in the other, data are needed to help unravel the relationship to 
the radial-velocity curve. 


CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
June 1933 


APPROXIMATE SPECTROSCOPIC ELEMENTS FOR 
AG VIRGINIS, RW CORONAE BOREALIS, 
AND AK HERCULIS* 

By ROSCOE F. SANFORD 


ABSTRACT 

Radial velocities of the three variables AG Virginis, RW Coronae Borealis, and AK 
Herculis give curves consistent with an eclipse of the brighter by the fainter star at 
primary minimum. On the assumption that m,=2m, and that the inclination (7) of 
the orbit planes is 90°, the total masses are 0.93, 0.46, and 0.560; and the distances of 
the centers, 2.10, 1.80, and 1.36 X 10° km, respectively. These values are quite in keeping 
with those for other stars for which complete solutions are available. 

This note presents the approximate orbital elements of three 
short-period variable stars based upon spectrograms obtained mostly 
during the last two seasons. Table I gives the magnitude range, type 
of variation, and period (except for the first) taken from Prager’s? 
latest compilation, and the spectral class and co-ordinates for 1g00 
from the Henry Draper Catalogue. 


TABLE I 





























1900 
DESIGNATION H.D. Sp. MAG. | —_ hes PERIOD 
VaR. 
a 6 
AG Virg.....] 104350 | Ao |8.6- 9.3pg.) WU Maj. I 156%] +13°24'10964265 
RW Cor B...| 139815 A8 |9.3-10.0 | B Lyrae? |15 35.2) 2957 |0.7264171 
AK Herc..... 155937 | F8 ° 3- 8.9 =| WU Maj.|17 9-5| +16 29 |0.42152207 
| 





The spectra of all three stars are characterized by a few very 
poorly defined lines, mostly of hydrogen, as might be expected for 
variables of very short period having these spectral classes and 
types of light variation. Axial rotation of the stars in periods identi- 
cal with their orbital periods, a condition imposed by the small 
values of the distances of their centers, probably also plays a part in 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 483. 

2 Katalog und Ephemeriden Verinderlicher Sterne fiir 1933: Aleinere Veréffent- 
lichungen der Universitats-Sternwarte zu Berlin-Babelsberg, No. 11, 1932. 
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TABLE II 


































































Plate Date G.M.T Phase Vel 
AG Virginis 

km/sec. 

ViTOROO Oo feet chistes ai 1931 June 28 165; 2m 01503 + 67 
AWG GG tice iets 30 15 54 .562 + 38 
TOOT so 555505 vieins.| FOSS OR:- “24 20 26 «532 + 84 
ROU Ee sixtetasacas 24 21 39 583 + 35 
BOO Nev ustance reece 24 22 50 .639 — 22 
“too? ee ee eee 25 O12 .040 = 76 
“Co, RN ae ee 25 r us .083 — 106 
ORS oY a eee? Feb. 23 20 35 s345 + 7 
ee : 23 21 38 .378 + 42 
POP Re ee aan ert 23 22 44 .424 + 390 
ID evacuees 24 23 09 .150 = £3 
Sc: ee March 23 18 37 334 — 4 
So, eas ae Aaa 23 22 45 . 506 + 64 
eo a Oe April 21 18 53 425 + 62 

on fa i ar May 22 16 32 .480 + 51 
TRE hs casa air June 21 16 00 .254 — 49 
BORO enc « scaigeesiee Dec. 16 I 05 . 260 — 80 
MOGIO. osha oa 17 I 07 .619 — 14 
0882... .civi oie ORF Pebe” Te O15 386 + 30 
MGM)... <6 ais Suits 14 21 10 .045 — 59 
DROS cn desea 14 22 59 114 — 83 
I9500..... 15 o 40 .IgI — 37 
TQROO® cciclaceies cise 15 23657 .518 + 48 
OS oy a pene March 3 IQ 32 . 268 —- 7 
BO een stack ee April 4 15 54 .626 — 13 
TS Gy IAS em ae 4 17 53 .066 — 9g 
Bass oh aiken 4 20 02 0.156 — 100 

RW Coronae Borealis 

290s 358 Oo) es | STARE 22 IQ 14 0.659 + 25 
78) Ee geen dee Wear Aug. 18 16 10 .145 — 93 
ReMi ceeat Seca 1930 May 13 18 19 585 + 33 
5471. : June’ Io 16 45 .190 — 80 
WES202.....<. 002+) 103% Apm °S 20 45 .168 — 68 
OU ae eee 30 2150 .420 + 9 
“CIE Al Dara June 28 18 2 421 + 26 
EGO ss 5 os 22,019 ses 29 IQ 31 .O31 ee 
S| ee Parte 30 19 19 . 296 — 2I 
BOOT i. 654.420) SOSBLD:, 25 © 53 537 + 5 

y 18844. May 22 I9 4 .398 + 19 
“co SE aoe 22 22 49 554 + 48 
RMN oss ce sah eens 23 23 16 021 — 54 
 G083: =.::. 3 26 23 34 .228 — 45 
WEBBED 650-4 sxe os es June 22 20 33 .224 — 40 
Se : ar 24 19 49 .O15 — 6 
Oo i%s aisss aw 25 20 15 . 306 — AS 
| a ee March 2 23 13 0.501 + 47 
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TABLE IIl—Continued 


























| 
Plate Date G.M.T. | Phase Vel. 
AK Herculis 
km/sec 
OS. (ya Ree 1930 May 12 20"19™ 01263 55 
¥ 1S21O8 55 esse oo) L6G eee 2 IQ 52 165 —82 
EGO. ss pes dav June 29 18 00 .074 —54 
C6668 22k bree ns 30 18 00 231 +10 
OMG tae ae 1932 March 29 23 26 31! +50 
OOF os css. Pi oe April 23 22 10 389 +25 
OOSE: 5c cise es May 24 22 02 . 190 —25 
At EOONOs < sce.c saavee.s June 22 18 40 . 387 +57 
CG OG8s oneness 23 16 19 .024 —65 
0. ee a eo 23 18 44 .124 —85 
DONG ci ean es 24 15 46 < 35a —68 
GONG 255.08 sae 24 20 59 375 +52 
6290: ..35....55>| 190393 March 6 ae e ~372 +29 
 BORMOe «hu. se uience April 4 21 46 . 302 +42 
FOR SO 46d oie wean 4 22 57 0.351 +36 
= 60-inch reflector; C= 100-inch reflector 
The formulae from which phases were reckoned are: 
G.M.T. 
PO oa. oid PS ah ek Min. =J.D. 2426418 .991 +0464265E (Dugan) (1) 
RW Cor B.................Min.=J.D. 2425365.6 -+o.7264171E (McLaughlin) (2) 
AK Herc...................-Min.=J.D. 2422977.254-+0.42152207E (Jordan) (3) 


(1) By letter. 
(2) Astronomical Journal, 39, 85, 1929. 
(3) Publications of the Allegheny Observatory, 7, 142, 1929-——. 


producing poor definition. The accuracy with which the radial veloc- 
ities (Table II) were determined was further limited by the use of 
short-focus cameras (dispersion 75 A per mm at Hy), in order to 
make short exposures and thus avoid too great an integration of the 
velocity variation which depends upon the orbital motion. In no case 
was the secondary’s spectrum certainly observed. The interest at- 
taching to variable stars of such short period nevertheless justifies 
the results, even though approximate. 

No successful assemblage of the radial velocities of AG Virginis 
was possible with the period given by Prager. Professor Raymond 
Dugan, who is interested in the photometry of the star, kindly in- 
formed me that this period also fails to harmonize the existing photo- 
metric data, which seem to require a period of 0464265. This period 
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was therefore tried, and its validity, as well as that of the periods of 
the other two variables, may be judged by Figures 1-3, which show 
plots of the radial velocities with each observation represented by a 
circle having a radius equivalent to a velocity of 20 km/sec. because 


Km/sec. 
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Fic. 2.—Velocity-curve of RW Coronae Borealis (above). Light-curve by Hoff- 
meister (below). 


of the inherently large probable errors. All phases are referred to 
principal light minima given by the formulae following Table II. 
Orbital elements obtained by comparison with standard radial-veloc- 
ity curves are given in Table III. 

No light-curve with the period here used is available for AG Vir- 
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ginis. Curves by C. Hofimeister’ for RW Coronae Borealis and by 
F. C. Jordan‘ for AK Herculis are reproduced in Figures 2 and 3. 
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lic. 3.—Velocity-curve of AK Herculis (above). Jordan’s light-curve (below) 


~ 


m' sin3 7 
(m+ m.)? 


a; sin t 
If m,=2m, 
and i=go0° 
m+m,= 


ata,= 





TABLE III 


ELEMENTS 


AG Virginis 


0164265 
J.D. 2426418 979 
go 
0.10 
80 km/sec. 
—16 km/sec. 


0.03450 
699 , goo 


0.930 


2,099, 700 


* T for AG Virginis and RW Coronae Borealis is the time of periastron passage, but for AK Herculis 


it is the time of light minimum. 





RW Cor. Borealis 


017264171 
J.D. 2425365 .741 
160° 
0.12 
61 km/sec. 
—11 km/sec. 


0.01710 
600,550 


0.460 
1,801,650 





AK Herculis 








0142152207 
J.D. 2422977.254 


0.00 

78 km/sec. 

—13 km/sec. 
0.0208© 

452,110 km 


0.560 
1,356,330 km 





Another light-curve for AK Herculis depending upon numerous 
observations has been given by J. Wasintynski.s This curve is also 


3 Asironomische Nachrichten, 201, 407-414, 1915. 
4 Publications of the Allegheny Observatory, 7, 142, 1929. 


5 Warsaw Observatory Reprint, No. 11, 1931. 
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of the 8 Lyrae type but appears to have changed since Jordan ob- 
served it both as to the position of the secondary minimum and as to 
the shape of the maxima. 

The relation of each of the velocity-curves of Figures 1~3 (from the 
elements of Table III) to light minimum is that corresponding to the 
eclipse of the brighter component by the fainter. 

The values for m,+m, and a,+a, given in Table IV depend on the 
assumption that m,=2m, and i=go°. They are in reasonable agree- 
ment with results for other short-period eclipsing variables for which 
complete solutions have been obtained. 

CARNEGIE INSTITUTION OF WASHINGTON 


Mount WILSON OBSERVATORY 
June 1933 


SPECTROSCOPIC ORBITAL ELEMENTS FOR THE 
ECLIPSING VARIABLE CM LACERTAE* 


By ROSCOE F. SANFORD 


ABSTRACT 


The light elements —Wachmann found CM Lacertae to be an eclipsing variable with 
a period of 1960469 and with maximum, principal minimum, and secondary minimum 
equal to 8.14, 9.17, and 8.54 mag., respectively. Eclipse lasts 0.2 day. He does not 
state, however, whether he found evidence of totality. 

Spectroscopic elements.—The radial velocities from fourteen spectrograms obtained 
in 1932 are well distributed in phase and confirm Wachmann’s conclusion of variability 
by eclipse with the period mentioned. The observations are represented by circular 
motion with a minimum orbital velocity of 117.5 km/sec. for the primary and 159+ 
km/sec. for the secondary, the latter value being much less reliable than that for the 
primary. The distances of the two components from the center of mass of the system 
are not less than 2,500,000 and 3,500,000 km. Their respective masses are at least two 
and one and one-half times the solar mass. The distance of the secondary and the two 
masses involve the uncertainties in the secondary’s orbital speed. 

Data are not available for deriving the photometric elements, and hence a complete 
solution of the orbit, which depends upon a knowledge of both the spectroscopic and the 
photometric elements, cannot yet be given. 

According to A. A. Wachmann,’? CM Lacertae? is an eclipsing bi- 


nary with principal minima represented by 
J.D. 2425922 .284+1460469E (G.M.T.). 


He obtained the photographic magnitudes 8.14, 9.17, and 8.54 for 
maximum and principal and secondary minima, respectively. 
Eclipse lasts 042, but whether total or not is not stated. No further 
details are available. 

Fourteen well-distributed spectrograms (Table I), obtained be- 
tween June and September, 1932, confirm the spectral classification 
(A2) given in the Henry Draper Catalogue. The velocities are varia- 
ble and when assembled (Fig. 1) according to phases from Wach- 
mann’s formula reveal a velocity variation for the primary star that 
is well represented by circular elements. These elements (Table IT) 
were derived by comparison of the plotted observation with stand- 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 484. 

2 Astronomische Nachrichten, 244, 303, 1931. 

3 BD +43°4106; H.D. 209147; a 21%56™1, 6 +44° 4’ (1900). 
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ard curves and have not been further corrected by a least-squares 


solution. 
TABLE I 


RADIAL VELOCITIES OF CM LACERTAE 








| 








| 
Plate Date G.M.T. Phase | Vel. Prim. | Footnote 
km/sec. | 
WABOOO oc aid bie 4 oe 3 1932 June 21 23h16™ 01686 —6 | & 
tee 22 23 05 0.073 — 53 | (1) 
Ce Sy a ee 23 21 25 I .003 +69 | (G) 
ESS ree 24 21 40 ©. 409 —145 | (2) 
GOpOsen ee as 25 23 08 1.470 +17 | (2) 
| ae eee July 19 19 O1 1.228 +106 | 
BIO amis a crecacsabs 20 18 27 0.600 = 50) ts 
FC a ea 21 17 12 1.548 —- 7 (2) 
Es a 21 23 55 0.223 —103 (2) 
IOOOOs. 05 ss i Aug. 15 22 32 1.096 | +103 (1) 
BOOTS Sci oes ee 16 16 23 0.236 | —II4 (1) 
oS SR ae 16 22 52 0.506 | —127 (1) 
BGR. oa. ccskon ks 17 19 10 F352 + 73 (1) 
MNOR cess Kas Sept. 14 18 04 0.421 —135 (1) 




















y =Series obtained with the 60-in. reflector and 1-prism spectrograph. 

C =Series obtained with the 10o0-in. reflector and 1-prism spectrograph. 

V=Series obtained with 3-prism ultra-violet spectrograph and 1o-in. camera, for 
which the dispersion at Hy is 39 A per mm. 

(1) Dispersion= 35+ A per mm at Hy. 

(2) Dispersion=73 A per mm at //y. 


Km/sec. 





+100 
+ 50 














© 0.2 04 06 08 1.0 1.2 1.4 1.6 Days 


Fic. 1.—Velocity-curve of CM Lacertae 


In some cases lines appeared to be double, as though two stars of 
about the same spectral class were present. In no case was this ap- 
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pearance entirely convincing; nor was the run of the separate values 
for the radial velocity of the secondary worthy of more confidence. 
The value adopted for K, in Table II is an attempt to be impartial 
to this very uncertain evidence. 

The radial-velocity curve in Figure 1 and the broken line for the 
velocity of the system correspond to the elements of Table II. Zero 
TABLE II 
ELEMENTS FOR CM LACERTAE 


P= 1.60469 (Wachmann) 
= —17.5 km/sec. 


K,=117.5 km/sec. 
K,=159+km/sec. 
T=J.D. 2425922.284 G.M.T. 


= Epoch of primary minimum 
a; Sin i= 2,593,000 km 
a, sin i=3,509,0c00+km 
m, sins i= 2.00 + 
m, sins i=1.5O+ 


phase or the time of principal minimum agrees very closely with the 
time when the primary star’s velocity changes from recession to ap- 
proach, that is, with the time of eclipse of the primary by the second- 
ary. Hence the radial velocities confirm Wachmann’s conclusion 
about variation by eclipse and prove the general accuracy of his pe- 
riod. 

The complete solution of the orbit from spectroscopic and photo- 
metric elements awaits more precise data for the latter than are at 
present available. 

CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
June 1933 








A PRELIMINARY TABLE OF LINES IN THE 
SPECTRUM OF 6 CEPHEI 
By C. J. KRIEGER 


ABSTRACT 
On four one-prism spectrograms of 6 Cephei, the wave-lengths of 380 absorption lines 


were measured from \ 4000 to A 4750. 
The intensities of the lines at maximum and minimum phase were estimated on an 


arbitrary scale. 

The contributors to the lines were identified, and are shown in Table I. 

Elements definitely or probably present are: H, C, Mg, Si, Ca, Sc, Ti, V, Cr, Mn, 
Fe, Ni, Sr, Y, Zr, Ba, La, Ce, and Eu. A few other elements are possibly present. There 
are 68 lines which are probably unblended. 

The variation of intensity of lines is studied, first, by means of the unblended lines of 
the various elements; second, by means of the important contributors to the blended 
lines. Many lines to which neutral Ca, Ti, Cr, Fe, or rare earths contribute are strength- 
ened at minimum, while some lines to which H or ionized Cr and Fe contribute are 


weakened at minimum. 


The purpose of the present study is to provide a preliminary list of 
absorption lines found in low-dispersion spectrograms of 6 Cephei 
between \ 4000 and \ 4750, approximately. Unblended lines which 
may be used to advantage in a study of the radial velocity and of the 
physical conditions in the star’s atmosphere should be distinguish- 
able from blended lines unsuitable for these purposes. If a reason- 
ably complete identification of the stellar lines is made, a discussion 
of the presence or absence of chemical elements and their relative 
abundance can be undertaken. It is possible that the present list 
might be of use in further, more detailed, studies of other Cepheid 
variables of which 6 Cephei is the prototype. 


I. OBSERVATIONS AND REDUCTIONS 
The visual magnitude of 5 Cephei (a=22'25™4, 6=+57°54’; 
1900.0) varies from 3.6 to 4.3 in a period of 5.366396E—0.84X 
10 °E? days,’ with the maximum epoch at J.D. 2393659.873. The 
t Kleine Veréffentlichungen der Universitatssternwarte, Berlin-Babelsberg, 9, 1930. 
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radial velocity varies within the same period from —35 to +5 km/ 
sec.” 

The spectral type varies from F2 to G4, the average of estimates 
by Shapley? and Miss Payne.* Whipple’ estimates the temperature 
at maximum as 6800° and at minimum as 4800°. The average of five 
determinations’ of the mean absolute visual magnitude is —1.8. The 
mass is about ten times that of the sun, and if, with Whipple, a mean 
radius of ten and one-half times that of the sun is assumed,5 the mean 
surface of gravity of 6 Cephei would be about o.1 of its value at the 
surface of the sun, with a corresponding lower pressure of the atmos- 
phere. Other determinations of the mean radius have led to larger 
values of R, and would give a smaller value for g. 

Four Eastman Process plates taken at the Yerkes Observatory 
with the one-prism spectrograph attached to the 4o-inch refractor 
were used for a study of the absorption lines in the spectrum of 6 
Cephei. The data concerning the plates are given in the accompany- 
ing table. 

















Plate Date 1931, U.T. | Phase Observers 
Wnts jellies mined (to cape See) ae las : 
IR 9903.......| Oct. 9, sb2r™ | 31763 | Morgan, Struve, Sullivan 
9928....... 21, 8 Io 5.148 Struve, Sullivan 
OOBT cvs gras 22.052 | 0.450 Struve 
O056.:0<.2 «| NOVe IG, 3 47 | 4-113 Struve, Swings, Sullivan 





The spectra on plates 9928 and 9931 are good, and those on plates 
9903 and 9955 are fair. Plates g903 and gg55 were taken near mini- 
mum light and will be referred to as “minimum plates,” while 
plates 9928 and 9931, taken near maximum light, will be referred to 
as ‘“‘maximum plates.’’ The dispersion is about 25 A per millimeter 
at Hy. 

For the measurement of the wave-lengths a Gaertner comparator 
was used. About eighty iron and titanium comparison lines were 
measured at the same time. The plates were reduced by the Hart- 


2 T. S. Jacobsen, Lick Observatory Bulletin, 12, 138, 1926. 

3H. Shapley, Astrophysical Journal, 44, 273, 1916. 

4C. H. Payne, The Stars of High Luminosity, Appen. B, 1930. 
5 F. L. Whipple, Lick Observatory Bulletin, 16, 1, 1932. 
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mann formula in two sections, AX 3969.26-4337.92 and AA 4337.92 
4681.91, and were then corrected by drawing error-curves obtained 
by a representation of the comparison lines. 

The lines used for calculating the radial velocity’ are as shown in 
the accompanying list. Allowance was made for the annual and 


A 4045.818 X 4340. 467 A 4541. 520 
4063 .621 4351.770 4503 .757 
4071.758 4374.860 4571.970 
4101. 738 4395 .036 4576. 360 
4163 .647 4400.118 4583 .847 
4202.572 4404.754 4588. 210 
4226.945 4443 .799 4589 .960 
4233. 264 4450.490 4592.060 
4246.850 4481 .230 4616.720 
4271.766 4491.410 4620.520 
42904.103 4501. 269 4629. 330 
4307 .862 4508. 291 4657.180 
4320.800 4515-343 4670. 400 
4325. 760 4520. 231 
4337-915 4533-966 


diurnal motion of the observer, and the radial velocities reduced to 
the sun were found to be as tabulated. 


Plate Km/Sec. 
ORs pic tae ian ieee + 1.5 
EVES Se ata Wey aeepe te rae ete — 28.9 
IRA aka hale cael hehe hae eee eee —31.60 
EERE ee a Ey ENT + 2.4 


These values are in satisfactory agreement with those found by 
Jacobsen.’ The probable error of the radial velocity for one plate is 
about +1 km/sec., varying somewhat with the quality of the plate. 

The forty-five lines tabulated thought to be practically unblend- 
ed were measured on three or four plates. In the first column the 
number of plates on which the line was measured is given, in the 
second column is the mean of the calculated wave-lengths, in the 
third column are the differences between the calculated and the 

6 E. B. Frost, O. Struve, and C. T. Elvey, Publications of the Yerkes Observatory, 7, 
Part II, 1932. 


7 Loc. cit. 
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standard wave-lengths (C—S). Twenty-five algebraic signs are posi- 
tive, seventeen negative, and three zero. The algebraic sum of the 
forty-five residuals is +0.53 A, indicating a small systematic error, 











No. | Xd Meas. | Any No. | Meas. Ar No. | dX Meas. AX 
Awscscs.. | 4028:4% 1 06) |] @2......] 4253-00: | -F.04 Beak | 4491.42 | +.01 
Beir 403K 42) | = 107 Ih Zeeks. 4220.39 | +.05 || 4..... | 4501.39 +.12 
3-++-»+| SOQ. FH | 103 11 4 4254.38 | +.04 || 4.....| 4508.31 | +.02 
Mei alto | 4059.78 | +.06 || 4 4260.44 | —.05 || 4..... | 4515.34 ° 
3...-.-.| 4062.42 | —.03 || 3.....| 4269.26 | —.04 || 4.... | 4520.19 | —.05 
Antu 4074.79 | ° oe ee | 4541.47 | —.05 
4. ess. | GIOT-4O | = .05 | Aso 2.) 497 8e | 2G face 4554-12 | +.08 
Aes -siaeie:| Ag OR | —.06 || 4 4383.53 | —.02 || 4....-. 4563.79 | +.02 
4......) $587.90 | + .08 |] 4.2... | 4986. 8§ | om f 4...:. | 4576.44 | +.13 
Sed | 4167.31 | = Oe || Aes 4413.61 | +.01 || 4.....| 4602.94 | —.oI 
3 | 4175.64 | ° ah a3 A416 95) | = 63> [bh See. oe | 4620.53 | +.01 
3 | 4176.53 | a Se eee i ee ae ee oe 4703.09 | +.02 
Be és eel] QR OM ae LON Aiaw ce 4450.51 | 202 Il Aeccs. | 4714.54 | +.12 
rere ee | 4210.32 | | Me tata 4466.62 | +.06 || 4..... | 4731.47 —= 64 
Be acccon.s A2TT OF | -.06 |] 4.4.2. 4470.94 | +.06 || 4.....| 4736.85 | +.06 

| 1] | 





at least with respect to this group of forty-five unblended lines. The 
principal reason is that the corrections for radial velocity had been 
made from another group of forty-three lines, most of which were 
later found to be blended. The probable error for the wave-length 
of a line, measured on three or four plates, is found to be +0.04 A. 

The intensities of the measured lines were estimated on an arbi- 
trary scale from o to 6, defined as follows: 


o not visible 4 wide and strong 

1 visible with difficulty 5 very wide and strong 

2 visible as a well-defined narrow line 6 the widest and strongest lines in the 
3 easily measured, moderately strong, spectrum 


and wide line 


Both the width and the central intensity of a line were taken into 
account in the estimates. Blends consisting of unresolved faint lines 
were often estimated with difficulty, as the central intensity is likely 
to be small compared with the width, and a fair compromise was 
attempted. The notation ‘‘wide” or ‘‘blend”’ was usually included in 
the original measuring sheets. It is hoped that the adopted intensi- 
ties, together with the wave-lengths, will make it possible to locate 
any line in the spectrum of 6*Cephei (Pl. I). A difference of one 
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unit of intensity or less between the maximum and minimum plates 
is not necessarily significant. If, however, several unblended lines 
of the same atom show variations in the same sense, actual variation 
of the intensity becomes probable. An analysis of microphotometer 
tracings of spectrograms at different phases would be very valuable. 


II. IDENTIFICATIONS 


Identifications were made on the basis of the coincidence of 
laboratory and stellar wave-lengths, the simultaneous presence of 
the stronger members’ in the multiplets, and a comparison with the 
spectrum of the sun,’ the chromosphere,” and a Persei.” 

The identification of stellar lines is readily possible when one or 
more lines in a multiplet are unblended, but it becomes uncertain 
when all lines in a multiplet are blended with other lines. The coin- 
cidences themselves of the stronger lines make the presence of the 
multiplet merely probable. In such cases the decision was made 
from their observed presence or absence in the sun and in a Persei. 

The presence of unclassified lines of iron and of the rare earths can 
be established only to a lesser degree of certainty. The principal 
criteria were coincidences in wave-length, and the intensity in the 
laboratory, the sun, the chromosphere, and a Persei. Even after due 
consideration of the available facts, the decision reached is tentative 
and subject to modification. Classification of the lines of the rare 
earths and of the unclassified lines of iron would throw new light on 
the problem. 

III. DESCRIPTION OF TABLE I 


Table I shows the measured lines in the spectrum of 6 Cephei, 
arranged in numerical order from \ 3997.27 to A 4805.46 in column 1. 
The wave-lengths, in view of the probable error of +0.04 A for a line 
measured on three or four plates, are given to two decimal places, 


8H. N. Russell, Proceedings of the National Academy of Sciences, 11, 314, 1925. 

9C. E. St. John, etc., Revision of Rowland’s Preliminary Table of Solar Spectrum 
Wavelengths, Carnegie Institution of Washington, 1928. 

© T). H. Menzel, Publications of the Lick Observatory, 17, 1931. 

1 T, Dunham, Jr., Contributions from the Princeton University Observatory, No. 9, 
1929; also unpublished tables for wave-lengths shorter than \ 4146, kindly placed at 
my disposal. 
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and are the averages of the wave-lengths calculated for the indi- 
vidual plates on which the line was measured. Column 2 shows the 
number of plates used for the determination of the wave-length. 
Column 3 gives the intensity of the line near maximum (the average 
of the intensities estimated on plates IR 9928 and 9931), while in 
column 4 the intensity of the line near minimum is listed (the aver- 
age of the intensities estimated on Plates IR g903 and gg55). The 
laboratory wave-lengths are shown in column 5, the elements are 
in column 6, and the extent to which each laboratory line contributes 
to the stellar line is shown in column 7: 


+-+-+ denotes the principal contributor 
+-+ denotes an important contributor 
+ denotes a minor contributor 
[No symbol] denotes a very slight or doubtful contributor 
— denotes an insignificant or absent contributor 


The standard wave-lengths are taken from various sources.” 
Miss Moore’s Multiplet Table of Astrophysical Interest} will furnish 
the multiplet designation, etc. 

Plate I, enlarged about twenty times, shows the spectrum of 6 
Cephei near maximum (plate IR 9928; phase 5.148) and near mini- 
mum (plate IR 9954; phase 4.046; Nov. 16, 1931; 1»40" U.T.). Most 
of the stronger and some of the fainter lines have been indicated by 
their wave-lengths and their principal contributors to facilitate 
identification on the enlargement. Changes in the intensities of lines 
from maximum to minimum phase may be studied conveniently on 
the enlargement. 

2 St. John, etc., op. cit.; Menzel, op. cit.; A. S. King, Astrophysical Journal, 68, 194, 
1928; ibid.; 72, 221, 1930; K. Burns and F. M. Walters, Jr., Publications of the Allegheny 
Observatory of the University of Pittsburgh, 6. No. 11, 159, 1929; C. E. Moore, A Multiplet 
Table of Astrophysical Interest, Princeton University Observatory, 1933. 


13 Op. cit. 
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TABLE I 


INTENSITY 
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\ DELTA = 
CEPHEI Pree . 
er Max. 
3997.27..-. 2 3°5 
3999 .06 2 3 
4000 .43.... 3 2.5 
4oor.88.... I 3 
4003.07.... I I 
4003.91.... 2 I 
4005.20.... 3 4 
4000.01.... I 2 
4009.78.... I I 
4012.40.... a 3° 5 
—— 2 I 
(gor4.s4*... 2 I 
4015.56.... 4 rus 
BOTT 28 S32): 4 I 
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TABLE I—Continued 
No INTENSITY 
. a OF | LAB ELEMENT Cont. 
Feates Max. Min. | 
AOS 22050055: 3 2 I | 8.10 ZE0 ++ 
| Il Mnt aoe 
| .27 Fet +++ 
. 30 Zr it ++ 
AGIQUTAN: & «1 I ° I 9.05 COM) lesen eas 
| 06 Nit cet 
| 
4020022... 2. I ° 1.5 | 0.19 © + 
| 28 © St ol be 
.40 Sct + 
.go Cae (aici. 
AG27:8G6:,...:. 4 2 7 1.62 Fet + 
87 Fet se 
87 Til + 
4023.30... 3 2 I 3.30 Zru ao 
38 Vu +++ 
| 69 SG base eee 
4024.78... an oe 4.5 4.43 Zr i + 
| 57 Tit + 
ay Fet ce 
§:33 Ti ++ 
4028.41... 4 3 3.5 8.35 Tit +++ 
4029.56". 3 I I 9.64 Fet +++ 
) 67 Zrit ++ 
4030.61*. 3 3 3 0.19 Fe Woavowsens 
| -37 Cite (See. 
49 Fet + 
| 53 Tit ++ 
76 Mnt +++ 
AOBE {FSi e522 4 Ess 2 | 8.34 Ce Il + 
70 Lat + 
| 72 Nd 1) Aula \Gagteemhe aenbers ie! 
77 Tit +++ 
80 Mnt see 
| .97 Fer + 
4032.95.... 4 3 2 | 2.46 Fel + 
| 64 Fel 5-45 
| 3-97 Mnt > 
| 
AOZ4AD..'s - 4 2 2 | 4-49 Mnt ope 
AOZE 109... 4 2:5 2 | §.62 Vu +++ 
-73 Mnt coe 
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TABLE I—Continued 









































No INTENSITY 
' awit OF ; d Las. ELEMENT Cont. 
CEPHEI | iia 
| — Max. Min. 
| | 
4030.74....| 3 I I 679 Vi +++ 
(4040.63*... 2 cr Msapcamead 0.22 Zrit ee Tee 
| 64 Fe! +++ 
) .76 Ce II os 
.79 Ndi + 
| 
|4041.46*.. 2 nn ee oe 1.28 Fet ++ 
37 Mnt + pe 
rte) ie / 4 ig ” ers 2.58 Ce ll ++ 
Rey Sa Il + 
.Q2 Lat ++ 
4043.85.... 3 I I 3.90 | Fet +++ 
98 Fe! ++ 
| 
4044.65.... 2 | 5 5 | 4.62 Fet | +++ 
83 Pr | — 
| 
4045.80....| 4 4 4.5 | 5.40 | Cot + 
| | | 61 | Zr + 
| | | 82 Fe1 +++ 
| | 98 PPT Nora e diets & saith 
| | | 6.08 © | + 
4047.42....| I | fe) I | ee Fet top 
| 65 le eid 
79 oc! Bes 
| | 
5 | 
4048 .82*...| 3 | ac 3 | 8.66 Zr | + 
| | | 76 Mnt | +++ 
| 79 | Cri SORE Ap 
| 9.34 | Fer | ++ 
| 39 111 Phsavras thats telnie 
| | | 
4050.39 al 2 | I ° 0.31 Zr | +--+ 
| 58 Dyn | + 
| 68 Fe } + 
AOS2231* ...' 3 | 2 3 r02 Fet San 
| | 2.00 Cr It af 
| 29 Fet +++ 
| 46 Fe +++ 
50 © ++ 
.05 Fet + 
| g2 Fet sea ul Sages 
4053.75.--.| 4 3.5 3.5 3.27 Fet | 
43 Cri + 
84 Ti +++ 
| | 4.08 Cr ir oe 
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TABLE I—Continued 

















No. | 
= Deta | OF aia d Las. | ELEMENT | ConrT. 
CEPHEI | swale | | | 
ware Max. Min. 
AOSE OO” ....-} 4 | 2 305 4.54 | Woke “Bitsernee. 
83 | Fer } + 
| 88 | Fel | pe 
| 5.02 Ti1 | oe 
| | O4 | Zari a ee ee 
05 | Fer | ++ 
35. | ee | 4 
4056.32.. ~ 4 2 245 6.20 Ti | + 
| | ce I 
| | sa | <PRIR, (4.02. eces 
4057.44...) 4 | 25 | 25 | 7.36 | Fer | ++ 
| | | | o% | Ee | re 
| | 
“os8:ar.....| I | 5 fo) Sizo | “Cas teas ae 
| | 22 | Fe ; +++ 
| 
4058.83....| 4 Es ES S77 | Bez | +++ 
| | 94 | Mni | ++ 
| | | | | | 
4050). 98). << <| 4 I | I 9.72 | Fer | +--+ 
} | | | 
: | 
4001.10 4 I I 1.10 | Fert | ad 
| | @ | NM bivcee.nes. 
| 
4062.42....| 3 Be I | 2.45 Fet | +++ 
4003.52.... 4 3-5 4 3. 30 Fet + 
53 Mnt os 
60 Fe | pet 
4064.41. ..| 2 5 5 4.05 Cru | STs eeuiaan 
| 22 Tet + 
40 Ti u +++ 
| 46 Fe1 ++ 
Se | SQ) [eeneeeoees 
| | 76 | Fem ft -F-F 
| | 
4065.30....| oe I | 2 5.01 | Vee. Wunen ee 
| 33 Tt | 
| | 40 Fel | +++ 
| | 
4o67.03....| 4 er 5 6.59 Fer | 
| | } 07 Fel ; +++ 
| | 7.03 VIE fees serene 
| | 04 ae ree 
| | 28 Fet ++ 
| | | 
4067 Sees] 3 | 1.5 | ae 7.98 Fet | +44 
| | 
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TABLE I—Continued 














—_—— — — | “T 
- No. | INTENSITY | 
: eal OF | _————_—_—__—_—__ | \ LAB ELEMENT | CONT 
CEPHEI ro | 
iii Max. Min | | 
eS, Serene Eee cray ee ees 
4069.13....| 2 | ° | 1.5 | 8.84 Ce I | ssadbacs 
| | | | 9.07 © i ee 
| | 27 Nadu | spor 
| | | | 

4070.66....| 3 | I | I | 0 28 Fer | ope 
| 28 Vt a a ae 
| 77 Fe +++ 
| | | 96 Ss a ee 

' 

MOGT GE 00.654 4 3 | 3 ri63 BOL Wecrennovdece 
| | -75 Fel ++? 
| 

4072.64....| 3 | I | 5 2.52 Fet con 
| | . 63 Crit +++ 
| | | 

4073.73....| 4 | 2 ) 415 | 3.48 Cet + 

| 76 Fe! +++ 
| | 77 Cell 
| 
| | | . 
4074.79.... 4 1.5 | Te 3 4.79 Fe! +++ 
4075.84....] 3 | I I 5.66 Cr i 
nd ell 
| | , C - 
| 85 Cell + 
| .85 Sau + 
| .95 Fe! + + + 

4076.69*.. .| 3 1.5 | I 6.49 Fet ook 
| | 63 Fe +++ 
| 81 Fei ++ 
88 Cr il 

4077.82*...| 3 | 4 5 7.03 ZIT, beeen ss 
34 Lait 

| 39 Fe Bivasnmunacias 
| | | 58 Crit Mecsas tnedis 
| | 71 Sr it +++ 
iO7 )2 5 a ee 
| | | 8.36 Fet ++ 
| | | 47 EU + 
| | | 

BO9O'27.....4% 2 | I I 9.24 Fel +++ 
| | 24 Mnt sheet 
| | 43 Mni =f 
| | 

4080.12....| 2 | ° | 3 9.85 Fel ++ 
| ©.20 Fe op te 
| | 22 Cri + 
| | 22 INGE 6 Vole Sy ats 
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TABLE I—Continued 


No INTENSITY 
\ DELTA Tre) : ee : - 
Cuan OF » Las. ELEMENT Cont. 
Piates | Max. Min 
AOBN OT. I fo) I 0.88 Fe! } ++ 
¥.22 | Cem | = 
ay | A bean 
27 Fet aoe 
4082.20....| 2 | etl I 2.12 | Fer ++ 
23 ti) Me PO eo 
40 S61 os 
| 44 | Fer | + 
Ao | Tex |} +--+ 
4083.35 4 | 2 | 4 2.95 Mat | ++ 
3.2 MEET Ve'comnotas 
24 CEM, bhacauenses 
| 34 Pe bvacneeues 
55 Fer ++ 
64 Mnt ++ 
76 BRGY Wie 
4084.48. . I ° 5 4.51 Fet +++ 
ROSS 255 's-0: <1 4 I I 5.01 Fet a 
25 Fel aoe 
| 25 Cet) Pcie eas 
| 30 Fet | =e 
4086.89....| I I ° 6.72 | Lam | +++ 
7.09 | Fet + 
| | | 
4088.86... 4 I 3 S.s7 | - Hei | -+-+ 
73 Fen | +++ 
85 GOI bans cae eeaes 
85 Cem. site 
Q.22 Felt ++ 
4090.40 al 3 5 2.5 0.07 Fet ++ 
| | 52 Zril + 
| 59 VI a Ria a ate alata 
.96 Fet ++ 
oo. | Cell feneeee 
4092.50.... 4 | 2 | 3 2.28 | Fer | ++ 
40 | Cor “bet 
ma 1 Be aseeceses 
| | 5st | Fer | ++ 
6s | Car | +--+ 
69 eke ees eae 
| | 
4004.76....| 3 5 ae 4:42 | © =F 
7o 2 EE Geer 
94 | Cal +++ 
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TABLE I—Continued 


INTENSITY | | 

















X DELTA ie | —| Las. | ELEMENT Cont. 
CEPHEI ro | | | 
| = | Cex, Min. | 
4096.01... 4 | I res | 5x08 | Fer } +++ 
| 6.11 Fet +-+ 
| | 22 | Fet + 
| | | 
40906.96.... 3 | 5 rs "| G62 | “Sew oa 
7.08 | Felt +++ 
| 
| | | 
4098.39....| 4 2.5 an a a ae . a: on ere 
| ro: o). Bex opp 
55 | Car | ++ 
4099 96....| I ° 5 9.80 | VI } ++ 
| | | Ce | BOE feswesccens 
| | a7 Fet ++ 
| 
4101.43... 4 | 6 5 | 0.74 | Fer | ++ 
| | | aor Fet . 
| | | .68 Fet | ++ 
| | | 74 | #6 +++ 
| | 
4103.07....| 2 | ° | 2 2.94 | oe 1 | ++ 
| | 3-3 | ta | ++ 
4104.16....| 4 | I bus Ace Fer i os 
| .14 Fet | ++ 
| | 
4105.03....| I | ° 5 4.78 VI ‘ie 
04 Fel | + 
| 5.17 Vr | +++ 
4106.32....| 4 ees 3 6.27 Fet } ++ 
| 44 Fet | +4 
| : | 
4107.46....| 4 2 2 7.49 Fel | +++ 
| | | 
4108.38....| I ° 38 8.40 Cri | ++ 
| | 55 Cat | ++ 
| | 
4109.65... 4 2 2.5 9.05 | Fer | ++ 
| 46 | Nau | + 
so | wGra } + 
| .78 Vi } + 
| 81 Fet | peepee 
0.02 eee 
| | 
ATTOr8%:. .:.:] 3 r.5 a 0.54 Cor | ++ 
87 Cri } + 
1.00 Celi Fe oh esis 
04 Crir | +++ 
36 Cri eS eG 
.79 Vi =: 
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TABLE I—Continued 











No INTENSITY 
asain OF as emcee Evement | Cont. 
ae PLATES : 
Max. Min. 
APIS .O2.3 . 5] 4 2 rs 2.57 Cri roe 
| | 97 Fer | +++ 
| 3.23 Cr I a Gadel ne ag 
| | 
4114.63*...| 2 | 2 | 4 4.45 Pet | $+ 
04 Fer oe 
5.18 | Vi coe 
| | | 
Api: Se. «| 3 5 28 6.48 | VI } + 
7° ” Vi “—o 
82 | Ndu | ++ 
| 96 | Fet 
7.01 | Ce 1rf + 
4118.60. 4 | 3.5 | 2.5 8.15 | Cem |........-. 
| 54 | Fer ie te 
| oe 6 ULC Ear ++ 
| 89 | Fert + 
| ; 
4119.86... 4 B.S 2 9.40 | Fet | ++ 
92 | Cen + 
0.21 Fet + 
A2T 46s) «| 4 2 | a I. 33 Col | 
8 Fe! } ++ 
| = | 
4122.60... 4 2 I 2.52 Fel ++ 
67 Fei +++ 
AlIa. 70% .1.5) 4 I r6 3.230 | Lau + 
50 VI 
76 +| Fer sa Seal 
88 CEI (ieeteecieces 
4124.80.. | 4 205 2 4.79 Ce Il +++ 
| | 95 Yu oe 
| 
| 
4126.05....| 4 2 2.5 5.63 Fer | ++ 
| 88 Fer | +--+ 
6.09 Cri Bierce 
| 18 Fe! | ++ 
| 
4997-97 «>| 4 | 3-5 3 | 7.61 Fer | ++ 
62 Cri BYE ecaeer ds 
80 Fet } +--+ 
| | 8.05 Sim | +++ 
| | | | 08 Vi m= 5 
| | } | 
4129.65... | 2 fo) | 2 9.47 Oo | o- 
| | 64 Eutt en 
| 73 Eu | +++ 
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TABLE I—Continued 


INTENSITY 





No. | 
r DEtta OF A (aia d\ Las. | ELEMENT Cont. 
CEPHEI case | | 
BATES | Max. | Min. | 
41360232... «| 4 | 2 | 2 0.35 | Cir aa a one 
| | 68 | Batt ate 
| 71 | Cen Fecal ait Os 
| 88 | Si ak ae a 
| | 1.10 | Cell me Seger 
} | | 
$539.44.... 4 | 3-5 | 4 | 1.95 Fet + 
2.02 Vi is ; 
060 C|”~—lséFertl +++ 
44 | Cru OES 
| 54 | C | + 
gI | Fert spate 
| | 
4533.91 ....| 3 I 5 3.96 | Ned |... 
| 80 | Cell seat 
87 | Fel ab 
4134.58.... 4 | 25 | 4 | 4.34 | Fe cone 
| 43 | Fe! | <a 
| | 50 Vi & sexier 
68 Fel | +++ 
4137.22.... 4 | 2 | 4 | 7.00 | Fel bop 
| 42 © Rote 
| .04 Ce II + 
| | 
4138.43 2 I | ° 8. 36 Fei +++ 
4140.07.... 4 2 | 2 9.93 Fet | re 
O.41 O a 
ATAT 92.543 I | fo) s§ 1.72 | Lat 3 
86 | Fer | Seeier 
| | | } ,* 
ApAG.3T* 3 | 2.6 2 ae | Nir + + 
| | 2.39 Ce It coe 
] | | | 48 | Til + 
| | 95 | O fits btelers 
4143.60*. . 3 | 4 | 4 Ste. © TM heck csasyss 
4! Fel ++ 
S52 | Fe! + 
87 | Fel +++ 
4144.99.... 2 | 5 I 4.52 | Cell + 
99.6=C|~—tss«CCeill +++ 
4146.02.... 4 | Dis 2 6.00 ROR, het nhc patel 
.O7 | Felt +++ 
As ‘l Cra B tevrilie dite racists 
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TABLE I—Continued 














l 
oe No. INTENSITY | | 
: = OF —s j | d LAB. ELEMENT Cont. 
CEPHEI PLATES | 
; Max. | Min. 
PG lh eee) 4 2 | 25 7.68 Fel | +++ 
4149.22... 4 3 | 3 | 9.20 Zru | +++ 
| 36 | Fer | ae 
| | be | 
4150.89 2 is 5 | o@ag | Fer | ++ 
| 97. | Til } + 
| | | 9 | 2m | ++ 
| | 
| | 
4152.03 | 4 2.5 | 3 | 1.95 | Fer | +r 
| | 95 | lam | +++ 
| 98 | Cell | a 
2.18 | Fel | ++ 
| Io | JO 
| 
| 
1153.93" 2 Pas 3.84 | Cri PP. deter res 
go Fel | +++ 
| | | 
4154. 70* 2 | 2 4.50 | Fet |} ++ 
81 | Fel ++ 
4150.40 I 4 | 4 | ze 6. 2: | Nd ld ae 
| 2 | Zrii ++ 
| | s- |; 6S or 
| 07 Fe + 
| | 80 Fe! ++ 
| 
4157.79 | 4 | 2 1.5 7.78 Fet +--+ 
4158.98 4 | 2:5 2 8.79 Fel -——-F 
| | | 9.19 © +> 
4100. 31 | 3 | 7 | I 0.25 0} Ras ee rie 
| 37 Ti +--+ 
4161.43 4 4 ae 1.08 Fete ([Pxesesace: 
21 Zr it pe 
| .49 Bed. (Prise een os 
| 54 Ti ++ 
| 81 Sr il + 
4163.65 4 3 | 25 | 3262 Cri + 
| | 65 Tin ++ 
| | 07 Fet + 
4165.48 : 4 E.5 | 3 | 5.39 Fet +++ 
| 61 | €en ++ 
4107.31 4 3 | 4 | 7.39 Mgi +++ 
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TABLE I—Continued 






































" INTENSITY 
\ DELTA ne 
= Gaul OF d Las. ELEMENT Cont. 
CEPHEI ie aie 
indie Max. Min. 
A108 71... 2 5 5 8.62 Fel ++ 
-95 Fel si 
4169.68.... 3 5 rs 9.62 ©(=CH?)| + 
.76 Fel +++ 
4170.87.... 4 2.5 Ess 0.64 AES "ses ca sees, tis 
go Fet +++ 
1.02 PEE Wieecerdaceepas 
AT7I07 . «»- 3 2:5 2 Tsox Ti 1 +++ 
.Q2 GER. Wes. cots ade.a0 
2.14 Fel + 
AI7268.. «63 I 5 ° 2127 / 2 2 3 | Ns ea 
62 CMe Wee on Sans 
64 Fet ++ 
-75 Fet +++ 
RTIZCOL «os 3 2.5 I 3.32 Fel + 
.48 Feit ++ 
55 Ti +++ 
.Q2 Fet + 
4774502... ;. I is ° 4.92 Fet +++ 
4175.64.... 3 I 5 5.64 Fet +++ 
4176.53 3 I 5 6.57 Fet ++ 
4177.61 4 2.5 2.5 7-54 Yu +++ 
.60 Fet ++ 
4179.06.... 4 3 3 8.87 Feu ++ 
9.41 Cr Ir + -++ 
43 Wete Weave ett 
4181.84.... 4 26 2:5 1 ly Fet +++ 
é © Sak 
4183.36.... 2 I ° 3.43 Vu +++ 
4184.20.... 4 2 2 4.00 © ++ 
25 GOT fo ss c0k As 
33 Ti ++ 
.go Y 5 ia Pe oy ae 
4187.09.... 4 255 4 6.60 Ce Il + 
81 BIEN Oe Nat Scere 
7.05 Fet +++ 
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TABLE I—Continued 























| 
INTENSITY 
; No. } 
% Dunes OF 7 = -| \ Las. | ELEMENT Cont. 
CEPHEI Disa 
ee Max. Min | | 
4187 os. 2 2 ° | 7.81 Fer +++ 
| 
4188.76... 3 I Sf | Sia ) oe 
AIONO.10:.... I 5 ° [ 83 Crt + 
20 Ti op 
AIO! 50... =: 4 3 3 | F260 Coe haetierenc 
45 Fel ma a a 
68 Fet ++ 
| 7 | Get. fever: 
ALOR SE x0. 2 ° rg | 3.10 Ce Il + 
| 28 Cell ++ 
.88 Cell ++ 
AI0§: 38. . .. 4 2 2 | 4.83 Dy i | — 
| 5-33 Fer | +++ 
62 Fet ote 
4100.48... 4 2 7 ea | 6.21 | Fer + 
| 53 | Fer ++ 
56 Lat pe 
HA. . 
ANOS. AS... 2.2. 4 : 4 | * 8.25 Fet Soa Tees : 
| 31 Fel ++ 
| 64 Fer ++ 
A100 08... 2 I ° | g.10 Fel +++ 
28 rep Wesslanes: 
| 
4200.02... 2 ° I | 9.97 Fel +++ 
4200.92.... 4 I 2 | 0.79 Tit Sin eoereas 
.Q2 Fet +++ 
A909) 2Ae 5c: 4 3 3 | 2.03 Fet ++ 
34 Vu ++ 
A203. OA 0 cis 4 I Eis 3.59 Fet ++ 
59 Cri Tere crs ee 
98 Fet +++ 
4.05 Lait 44 
27 CHE aieinesee. 
AI206°90)......: 4 2.5 25 4.69 Yu + 
gI Bete bes ewcnenok 
} S205 Eu tt + 
©9 Vu ++ 
47 Dn el Sere 
| 54 Fel ++ 
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TABLE I—Continued 


























61 | Fe | ++ 


No | INTENSITY | | 
eunsaaiy OF |—— , d LAB. ELEMENT | Cont. 
om PLATES | | ‘ | | | 
Max. | Min. 
4207.02.. 4 2 | 3-5 | 6.70 | Fet I~ geese 
| | (ee Fet } ++ 
an. + 1GrIR | se 
| | | 
4208.78 | A | 2 | 2.5 | 8.60 | Fert | +++ 
| | | .96 | anu | +F 
4210.32 | 4 | 2 rae 0.36 | Fe I | +++ 
| | | 
4211.91 | 4 | 2 is 8s | 2m | +++ 
| | 
4213.09....| 4 | 2 t.§ 3.65 Ket Ss 
| | | 
4215.70....| 4 | 45 4.5 5.52 Sri +++ 
| .78 Crit eS 
| 6.18 Fel Sate 
| | 
4217.49....| 4 | 2 | 2 7.08 Cru 
| | | .20 O(=¢ H?)| + 
| 55 Fe! +++ 
| .60 Cre fsasavds 
| 
4219.38....| 4 | 1.5 1.5 9.36 Fet | +++ 
| | 2 O | $F 
4220.39 | 3 I | I 0.34 Fer | +++ 
| , | 
4222.37 | 4 2.5 3 2522 Fer | +++ 
| 60 Cem | =F 
4224.26 | 4 2 2 Ask Fet | +++ 
5 Fel | ++ 
4225.46 4 2 I S93 Vi } + 
PEE, Ni mcicdeanrece 
| 45 Fet +++ 
4227.06"... 3 4 Gs 6.42 Fel Wits, ood Sunita 
73 Cal Ee 
7-43 Fet rr 
4229.68.... 4 I 2.5 9.52 Fel ++ 
| | 75 Fet + 
| 82 COU Aeris 
| 
4231.58....| I 5 ° 1.59 Zr it +++ 
69 Fe ++ 
4233-29....| 4 3.5 4 2.72 Fer + 
| 3.16 Fei +++ 
| 25 CRE hs Xa cagscs eas 
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TABLE I—Continued 


| 
INTENSITY | | 




















| | 
\ DELTA rat | | 
iin ce OF =e A LAB. | ELEMENT | Cont. 
— | vanes | Max. Min. | | 
4235.92....| 4 2 | 3 | ee 0 eee Pecos 
| | | 95 | Fe1 +++ 
| 
4237.13 | I ° 5 666) Se Becxcocas: 
a Gi RR Vest aeeee ane) 
| | 7.08 | Fer +4 
| .18 Fer qo47 
| | 
4238.48 7 4 2 | 2 | 8.02 Fet ++ 
.40 Lau Sain 
| 81 | Fel ++ 
| | 
| | 
4239.98....| 4 2 3 | ©6293 Met |.....5..5. 
| | 85 Fer fuk 
| 85 TE Bian eees 
| Ob | GO Penccciv. 
| 0.38 | Fer re 
| | 46 | Cal + 
| | | 
4242.48 | 4 23 | 28 | 23a | Com ++ 
| Ca Fet ++ 
| | +74 Fer ++ 
4243.04....| 3 aa I | 3.45 © coe 
| | 55 © 2 
| 82 Fer tf 
4045.93... .1 4 I I | 5.26 Fet +++ 
| | 30 © + 
4247.03.. 4 2.5 3 | 6.83 Seu ++ 
| | 7-43 Fet ++ 
| 
4248.53.. | 4 I 1.5 | 8.22 Fel ++ 
| | .67 Ce II ++ 
4250.48 4 3 4 | 0.13 Fel ++ 
| | | -79 I q4> 
4252.55... | 4 | E.5 | 2.46 Ndu + 
| } .03 Crit +++ 
| 
| | 
4254.38....| 4 2.5 | 2 | 4.34 Cri +++ 
| 
4256.14 4 I 3 i 5.70 Cell + 
| | | 84 | Fet - 
| G32 | Dy ++ 
| 42 | Sa It + ++ 
4268.32... | 4 | 7 an 4 8.03 | Zr |.......-+. 
| | | | .16 | Feu Sanaa 
| 32 Fe1 +++ 
| | | 
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TABLE I—Continued 














N INTENSITY 
\ DELTA pan eee 2 
ees OF d Las. ELEMENT Cont. 
CEPHEI P = 
en Max. Min. 
4260.44.... 4 3 205 ©.49 Fet +++ 
4201.00..0.:<:. 4 2 2.5 1.81 71) le | eee ee 
.go Cri poof fe 
2.09 GORE rte ier 
4207002 622 I ° ig 6.97 Fet +++ 
4267.06. .... 2 5 ag 7.83 Fer _ +++ 
8.11 ©(=CH?)| + 
4269.26.... 3 2 I Q.30 Cr II +++ 
AQ5T 204). -<-. 4 256 aie tt7 Fel +-+ 
.76 Fer hee fe 
4273.50%..5. 4 2 2 SoaK Fe ++ 
31 Y Ae a Peeper? 
52 Zr +++ 
4274.82"... 2 I 2 4.79 Cri +++ 
427562"... 2 I I S86 Crit ++ 
.65 Lat ++ 
4276.92.... I ° 2s 6.67 Fel D a 
7-34 Zr il + 
-54 © +r 
B2IS C20 505.012 3 I 2 8.23 Fet ++ 
23 tt ++ 
4280.63.... 3 I 4 9.49 Fet ++ 
.70 DS Voce eaewtes 
.87 oS GA eae epee ge 
.95 Oe) ES ar ae ge 
.96 GE) leis caceernes 
0.34 OO a ee? 
41 Cri ++ 
.50 O25) il. ee 
-79 SHEE. Pureareurchene 
1.08 CRaE eine ts 
.10 Mnti 4 
4282.90... 4 3 4 2.41 Fet + 
3.01 Cal ++ 
4284.32.... 3 I a 4.20 Cr II +++ 
54 IE Wien ese aio lore ts 
4285.60.... I Je ° 5-44 Fet +++ 
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TABLE I—Continued 

















No INTENSITY 
" en OF d LAB. ELEMENT Cont. 
CEPHEI Beaeee 
Max. Min. 
4288.03... ... 4 2 2 7.88 Ti ++ 
8.01 Nit +- 
a f Fet + 
4289 .82.... 4 4.5 4.6 9. 36 Ca I ++ 
-73 Cri ++ 
.93 oC) a Ere 
0.23 Ti ++ 
A201... 20):. 5: I ° 5 0.88 Fel + 
93 BED) | Coes coe 
1.47 Fet +++ 
BA0430 0 4 3 3 4.10 Ti II ++ 
Be Fel + 
My i Sc il ++ 
4296.55 4 2.5 2:5 6.56 Fei +++ 
.68 COTE besos cccome 
4297.98.... 3 “§ a5 yey CEB fecrenasies 
.76 PEE Bascstetworatcnstc 
8.03 Fet +++ 
(4299.21*... 3 2 3 8.99 Cat ++ 
| 9.24 Tit + 
| .25 Fet +++ 
4 . 36 Cem. he. cisecee 
| 65 Til + 
(4300.18*... 3 7 4 0.05 Til +++ 
a3 Cell + 
aCe TAR lsiouceeas 
(4302.20*... 2 Btn eo cierto 1.93 Tim ++ 
| 2.19 Fet ++ 
} 54 Cal +++ 
4303 ro eee 2 REGS, Pca acts 3.18 Fe il +++ 
43905.73---- 4 2.5 3 5.45 Fet ++} 
.46 Sri + 
Me Sc 1 ++ 
.gI Til ++ 
4307.95...- 4 2.5 2.5 7-74 Cal + 
.89 Til ++ 
QI Fet +++ 
4309 .44.... 4 2 2.5 9.38 Fer +++ 
61 Yu + 
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TABLE I—Continued 























No INTENSITY 
¥ ‘eine OF d Las. ELEMENT Cont. 
eae PLATES , 
Max Min. 
AGI <02...-.. 4 2 2 2.88 Ti ++-+ 
(4314.16*... 2 BD Wee cence 4.09 Ser +4 + 
7: DA) ore ac at 
) 
l4315.06*. xe 2 ek. WocanSoceee 4.98 Ti op 
5-09 Fel +++ 
AS76109 o:0:5:: 4 18 225 6.80 Leu +++ 
7.30 Zr ++ 
4318.80.... 4 rs 2 8.64 Tt! + 
.65 Cat ep 
94 | Sa ul + 
ABSIOLGS 0. 4 4 Ze 0.73 Cen Sele nete 
73 Sc I +++ 
.95 Ti ++ 
A329 Re. cick] 2 ° I 3-33 Sa 1 erie 
| 52 Cri ae 
CeO ¢ paar 2 I 2 5.00 Sc 1 +44 
4325.82"... 2 2 2 5.77 Fe cw» 
A3260.03: =... ce me I O71 PR eek cise 
.76 Fe + + 
7 Te Fe  Seares 
.14 CIS) tue | | ; 
4330.57.--- 4 2 3 0.25 Ti ++ 
71 Ti i phe te 
4333-91.... 4 I 2 3-77 Lat +++ 
.gI PUR: | Rog ass @ aretere 
4.20 DEE Pata els secane 3 
4337.68.... 4 3.5 3-5 7-05 Fet ++ 
sit 139 Ti + 
.59 Cri + 
.Q2 Ti u ++ 
4339-44.... I ° 5 9.44 Cri S as oe 
one Lt + 
.74 Cri + 
4340.59..-. 4 6 4.5 0.46 Hy +++ 
4344.30.... 4 3 4 4.31 Ti 1 5 a oe 
53 CHE | encataey ts oars 























TABLE I—Continued 


\ DELTA 
CEPHEI 


SSP 5... 


ee ee 


4352. 


4359 


4307. 


4309. 


4371 


4374 





OB ris ws 


a 


ry) ere 





No. 
OF 
PLATES 


I 


2 








INTENSITY 
Max Min 

° “ie 

5 -§ 
3 4 
I 2s 
- 3 
I 2 
I I 
3 3 
2 2 
1 2 
3-5 3 








- O 


n> 


~s 
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‘17 
-51 
44 


-59 
.04 


.58 
.07 
.gI 


41 


.70 
a=Q 
78 


95 
3° 


40 
.82 








ELEMENT Cont. 
Fer | +44 
Sa Ir ++ 
Fet +++ 
{ih a eee 
Cri aoe 
Fet ++ 
Cri 
Fei ep te 
Mgt oe 
Fet +++ 
CEM: Bseinsteas 
Vi ++ 
Sci +++ 
Cal ++ 
NEG Usewevadas 
Fet +++ 
Fo poe 
INGE | We ohoeirols 
Crt a ae ae 
Zr il of 
Fet os 
Ti + 
Fet +++ 
Few cheats 
(75 a Serene ee 
Fet +++ 
Zrii 
Cri +++ 
Sct ao 
Ti + 


Yu 
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TABLE I—Continued 














No INTENSITY 
dX DELTA ae ee = 
_ OF d» Las. ELEMENT Cont. 
aes PLATES 
Max. Min. 
4384.93.... 4 3 3-5 4.73 vs ++ 
.80 Sc II + 
.98 Cri ++ 
5.39 Fei ++ 
AB86285...<.3. 4 2 I 6.84 Til tf 
4388.26.... 4 I I 7.89 Fet ++ 
8.41 Fet sheet fe 
A301::00'....... 4 2 2 0.89 OL Boa civeasee 
.96 Fet +++ 
1,02 Ti i ++ 
4393.95.--- 4 I I 3.93 Tit he 
4.00 Ti ++ 
4395.30.... 4 3 3 5.04 Tit +++ 
.24 VI + 
.86 Ti ++ 
4398.15.... 4 2 2.5 8.03 Yu ++ 
“Qt Ti ++ 
AA00U0E" 2 SB duels oe 9.77 Ti 11 fe 
0.38 Sc Il ope 
.59 Vi + 
4401020" ©. 2 : | ene ce 1.30 Fer ++ 
33 52 aa | NP 
45 Fet oe 
s&s Nit ++ 
4403.20... 4 I r 3.19 © +++ 
33 Zr il ++ 
4404.81.... 4 2.5 3 4.75 Fet ae a 
5.04 Fet + 
4408.58*... 3 3 4 7.66 SF See 
.68 Ti + 
72 Fet ++ 
8.21 Vi be 
42 Fet ++ 
52 Vi ++ 
.84 Pri _ 
9.13 OE  Wesstieace weis 
123 Ti 1 + 
283 Tia + 
4at0. 83.2.2. 4 I I 0.50 Nit ++ 
1.10 Ti ++ 
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TABLE I—Continued 














‘ INTENSITY 
dX DELTA ee. 
bmx OF d» Las. ELEMENT ConT. 
CEPHEI Prares 
pases Max. Min. 
HATZ EB 2555. 4 I I 1.94 Tit ++ 
2.28 Cri ++ 
HATS. OL. <<: 4 I I 3.60 © +++ 
4415.20.... 4 3 3 4.89 Mnt + 
5.13 Fet +++ 
=$5 Sci ++ 
AATOS 96 3 I x 6.81 Fett +++ 
4417.99.... 4 2.5 4 7-72 Ti +++ 
8.33 Ti ++ 
4420.58.... 3 5 bs 0.53 Sam + 
.66 Sc Il ++ 
B13 Sa i + 
4422.60..... 4 2 3 2.58 Fet Se 
.60 Yu aed 
4494.16. ... I ° é 3.85 Fer ++ 
4.28 Cry teen pe 
«37 Sat + 
4425.59.... 4 I 2 5-43 Cat +++ 
£429.38: 05s 4 2 2.5 7.10 Tit aa 
“38 Fert +++ 
92 BENE BP cccsaceas 
4430.31.... 4 1.5 3 9.90 Lai ++ 
0.62 Fer ++ 
4B3E OO%0 <5: I ° “Ss ee Sci ++ 
2.09 Tit + 
4433.63.... 3 5 I 3.22 Fel ++ 
.78 Fel ++ 
4435.20.... 4 2.5 4 4.95 Cat ++ 
§. 35 Fel + 
47 BRT beces eee 
.60 PaOMN  Vaecresncced 
.67 Cal ++ 
4443 .44.... 4 5 6 2.35 Fet ++ 
.84 | Cs Se OR eee 
.99 BOT. Wi eee oes 
3.20 Fet ++ 
.80 Ti ++ 
4.56 Ti ++ 
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eae | 
No. | INTENSITY | | | 
atpeees OF ‘| N Las. Evement | Cont 
CEPHEI one | | 
ee Max. Min. | 
4447 .34.... 4 | 2.5 3 6.85 Fet + 
7.14 let ++ 
-73 Fet ae oe 
AASO URE io '.)3:3 4 2 2 0.49 Ti 1 +++ 
4453-01. .<. 2 ° I 2.74 | Salt +H 
3.32 Tit 2 a 
4454.78.... 4 2 3-5 4.39 Fet + 
.66 BOM Wis es ais 
77 Cer | ++ 
79 Zeus | ++ 
B32 17 + 
{22 Mnt + 
.82 10777 0 | eed aaa 
.88 Cal ++ 
£450.10 552 4 Ls I 9.05 Nit + 4- 
: 13 Fet hfe eb 
36 Cri + 
4465270 ..:.; 4 3 4 tor Zr + 
21 Fet + 
66 Fel +++ 
.97 Felt tee 
2.03 Mnt + 
4464.58.... 4 2 ies 4.47 Ti pete 
. .68 Mnt =p te 
4466.62.... 4 I 2 6.56 Fet +++ 
4468 .86.... 4 3 208 8.49 Ti +++ 
Q.15 741 + 
38 Fei opt 
SATO O04... 4 2 25 0.88 Ti +++ 
Oy ec oe 4 2 25 2.79 Mnt ++ 
93 Fen | +++ 
4470.04.... 4 2 2 6.02 Fet +++ 
; 08 Fel ++ 
4479.90.... 2 fe) 15 9.36 Cell |...-...eee 
61 Fel +-+ 
98 © + 
0.13 Fei +. 
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TABLE I—Continued 








| oenres 
Pea | oe | INTENSITY | | 
ee OF ~ Las. | ELEMENT | Cont 
CEPHEI ‘sean | | | 
| rinee | Max. Min. 
4481.20*. ..| 3 2 I | nag | Mew | +4 
27 | Tit | + 
} 33 | Men | ++ 
(4482.31*...| 2 I I ) 2.18 | Fer | ++ 
20 | Fey | +++ 
40 | FRU beessorccos 
GO | PRR Uso, 
| .75 | Fer | + 
= 
4484.12.... 4 I r.5 | 3200 | Cel + 
| 8 T° \Gom “eee 
| 4-24 | Fer +++ 
4485.56.... 3 is I | @ge | 2a 4 
| .68 | Fet +++ 
4487 .03.... I ° s | 6o1 | Cen +t 
4489.24.... 4 2.5 3 | 8.33 | Tin + 
| gI | Fe1 4 
QI | en) Caen eee 
| g.1r0° | Tit a 
21 Feu +++ 
| -74 Fet + 
4491.42.... 4 2 a6 | oat | Fei +++ 
| | 
4494.48... | 4 R§ 3 | 4.41 Zr i + 
| -57 Fet +} 
4490.81.... 4 I Pog 6.16 Tet + 
| 86 Cri +++ 
| .96 Zr + 
4400.16... I ° I | 8.90 Mnt ++ 
| 9.15 © r+} 
| 50 S&ie feo. seok 
4501.39....| 4 3 3-5 | 1.27 Ti +++ 
4504.88.... I ° a - 4:85 | Fer +++ 
4506.70....| 2 fo) I | 6 74 Ti ptt 
A508) 37. 5. 4 2 1.5 | 8.29 | Fen +++ 
4515.34... 4 2 2 | 5.34 | Fem oe 
| | 
Ages; 1Gh. 6 <:: 4 I 2.5 | 8.03 | Tit +++ 
| .30 | en ++ 
| 
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TABLE I—Continued 























| No. INTENSITY 
even | OF ] d Las. ELEMENT Cont. 
mt | PLATES Max Min 
ete) BE tee 
4520.10..... 4 2 2.5 0.24 Fei +++ 
AS32092 5 e-0 4 2% e558 2.60 Eut ieee 
64 Fe + + + 
.80 Til +h 
£524000.-;,.:2 4 rs 2 4.72 Ti + + 
95 Batt + 
5-14 Fel +++ 
4520.75 4 i238 rs 6.48 > se 
57 Vel 
.94 Cat +b 
7.32 Ti1 top 
£35 Ce Il + 
4528.98.... 4 3 2.5 8.62 Fe ++ 
9.46 Ti cae 
aes POE Nei ei, 
ASSENT). 5: 4 2 3 0.98 Cot hte 
1.16 Fer +++ 
4533.98.... 4 3 2.5 3.25 Tit ++ 
97 Tiu +++ 
4.17 Fei + 
.78 Tit poe 
4535.84.... 4 I 2 5.58 ae eg 
92 r 
.Q2 Til ++ 
6.00 Til ate 
BEBO SOs ox: I we ° 9.76 ig — 
.79 ri 
0.50 Cri + 
ASAT ATs 5.6% 4 ras rss r..52 Feu +++ 
ASSAM. 74... 4 2 S55 3.96 Sai SRL RRES eae 
4.01 Ti + 
.62 Cri pot 
.69 CREE Woes cea we tc 
.70 Til +--+ 
ree Ti + 
.96 Cri ++ 
454720). 6s I ° ig 6.94 Nit + 
7.03 Fer | +++ 
wae of ae Ee ee 
85 | Fer ++ 
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TABLE I—Continued 




















No INTENSITY 
. Lien OF d Las. ELEMENT Cont. 
CEPHEI poe 
si Max. Min. 
4549.57..-- 4 3 3-5 9.48 Fei ++ 
64 Ti tet 
A55§2-98....% 4 I BS 2.25 Ti + 
45 Tit +++ 
54 Fet + 
ASSATI cc 4 Es 2 4.04 Bat step 
ASSES SB 6 4 2 2 5.09 CHEE . fv esec beac 
.50 Tit + 
.go Fei +++ 
6.10 Fet + 
“53 Fet + 
(45:58:66... 3 2 2 8.66 Cr II +++ 
84 COT. © fase cesses 
4560. 20*. Be Pearctentae een. 5 0.09 Fet ++ 
27 Cell + -+- 
4503.79.... 4 2 2 5-77 Tit +++ 
ABOR CIS... 6.6. 4 I 2 §..§2 Cri ++ 
.60 Cot + 
68 Fet +++: 
.74 Cy | feeaarent as 
4508.58.... 3 5S FS 8.30 Tiu ++ 
.79 Fet +++ 
4571.93... 4 3 3-5 1.11 Mgt Ss 
30 CRE bese weaees 
.68 CHE feecoatoaccs 
.98 Ti +++ 
2.28 Cate Bence 
.87 Cru + 
4574.83.... 2 ° 1.5 4.73 Fet +++ 
.go Lat ++ 
4570-44... 4 E25 I 6.31 Few +++ 
AS00195 «. 4 I 255 0.07 Cri ++ 
.08 Lau ++ 
.40 | 35 Mn Peet cutee 
.46 Ti 11 + 
ASSY.56. <<. I ° ie 1.41 Cat ++ 
-53 Fel +++ 
62 GO PreeaPunes 
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TABLE I—Continued 























No INTENSITY 
\ DELTA ee ee ee es . rr . 
: OF d Las. ELEMENT Cont. 
CEPHEI PrarEs | 
ry Max. Min. 
= ——— ——$_$___ _ ——- | —______- | ————— ; 
4613.53.... 4 1.5 2.5 3.22 Fer ++ 
33 CEE Caaitocwnes 
40 Lat ++ 
95 Zr Il oa 
4616.46... 4 2 3.5 6.1 Cr! Sa 
07 Cr Il ++ 
4618 .90*. 3 ea 2 8.76 (773 ey Coe ence 
.82 Cr +++ 
9.29 Fel +--+ 
(4620. 53*.. 3 I I 0.52 Feu +++ 
| 
AOQ2 9K. I ° 5 2.46 Cri San 
3.10 Til foe 
4625.44... 2 I 5 5.06 Fert ++ 
6.16 Cri ++ 
4629.46.... 4 2.5 3.5 9.33 Fei +++ 
34 Tit + 
4632.80 I ° 5 2.82 Fet + 
Q2 Fel +++ 
AO34.. TOs: 5 : 2 I fe) 4.09 Cr il +++ 
4636.36... I ° 5 6.34 Ti +++ 
4637.83... 4 | I I 7.52 Fer +e 
By of CH Peace aot 
8.01 Felt + 
4640.23... I ° > 9.66 Tit + 
04 Til oe 
0.29 © +++ 
4643.56....| 2 ° I 3.46 Fet +++ 
.70 RE ~ Vai teaaees 
4646.03 2 I ° 6.17 Crt +++ 
464742 x 2 ° 5 6.80 CEE. bieeecwans 
7-44 Fel +++ 
96 © + 
8.12 CFE Wtevaeen 
AGAS:. OF I 25 ° 8.66 Nit +++ 
| .86 CRE Levwaeeeens 
| 
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TABLE I—Continued 

















= INTENSITY 
\ DELTA No. 
Dee OF d LAB. ELEMENT Cont. 
— PLATES : 
Max. Min. 
AOSTO9O «s.2 3 5 2 1.28 Cri ++ 
2.16 Cri +t+t+ 
4654.58.... 4 I 2 4.50 Fet ++ 
.64 Fel pe 
4656.96.... 4 2 225 6.47 141 + 
.98 Fei ++ 
7.20 Ti u pos 
460334....-2% 4 I re 2e55 7SE) gil Eee 
.76 Ti pete 
3.36 Crt + 
i Fei ++ 
4667.16.... 4 2 4 6.75 Feu ++ 
7-45 Fet +++ 
.59 Tit + 
4670.17.... 4 2 3 0.18 © +++ 
.40 Sct shoe 
4693520 » 2.01 I as ° 3.16 Fel + 
aa Fet +++ 
4678.76.... 4 I ict 8.18 © ++ 
42 1539 GAM (BRR eee hryrarer 
85 Fet t+ 
9.23 Fet ++ 
4080.26.... 2 ° : a ©. 20 Zn + 
30 Felt +++ 
.48 Fe aa 
4682.17.... 4 I ros 1.91 Tit ++ 
2.12 Fet mht 
$3T Yu “pote 
BOOT AT sic. 4 I I 1.42 Fet +++ 
.60 © + 
4698.60.... 4 1.5 2 8.48 Cri ++ 
.62 Cri he 
74 Cr It + 
4703.09.... 4 2 1.5 3.07 Mgt +++ 
4708.46.... 4 2 ae 8.05 Crt “fe 
65 Ti u pepe 
9.09 Fel 
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TABLE I—Continued 

















No INTENSITY 
— OF d Las. ELEMENT Cont. 
EPHEI PLATES 
Max. Min 
4714.54.... 4 2 2 4.42 Nil +++ 
0797. 705. :.. 2 5 a 7.40 Fet ae 
.46 Mnt + 
8.55 Fet ++ 
4731 .47.... 4 1.5 1.5 1.49 Fett +++ 
4733-79.--- 3 5 I 3.59 Fer +++ 
4.11 Fer + 
4736.85.... 4 2.5 : 6.79 Fet Bae 
4762550. 5... 2 | Weedeuvemuates 2.38 Mnt Hf 
41 ex aad 
.63 Nit + 
iy Ti 1 t+ 
AzO3C 08.2... 1 a Sree eee ee 3 3.90 Ti ++ 
95 Nit +-} 
4771.70 2 I 2 1.47 © + 
.70 Fet ++ 
92 C1 ++ 
4779.87. ... 2 2 2 9.99 Tiu on 
4783.43: ... 2 2 2 3.43 Mnt ++-+ 
4786.62 2 I 2 6.51 in Peer ore 
54 Nit ++ 
a, Yu + 
81 Fet ++ 
4805.46.... I YN eee Sars Tit ++ 
.18 Crit + 
42 Tit +++ 























NOTES TO TABLE I 


4013.71-4014.54. Blend 4014.14 (4) on pl. 9955. Not measured on pl. 9903. 
4029.56-4030.61. Blend 4030.17 (4) on pl. 9903. 

4040.63-4041.46. Blend 4040.97 (5) on pls. 9903 and gg55. 

4048.82. Two separate lines, 4048.03 (2) and 4049.53 (3), on pl. 9955. 
4052.31. Two separate lines, 4051.91 (1) and 4052.71 (1), on pl. 9931. 
4076.69-4077.82. Blend 4076.98 (6) on pl. 9903. 

4114.63. Two separate lines, 4114.31 (2) and 4115.19 (2), on pl. 9955. 
4142.21-4143.60. Blend 4142.93 (5) on pl. 9903. 

4153.03-4154.70. Blend 4154.28 on pls. 9903 (4) and 9955 (3). 
4227.06. Two separate lines, 4226.69 (3) and 4227.36 (1), on pl. 9928. 
4274.82-4275.62. Blend 4275.19 (3) on pl. 9903. 

4299.21-4300.18. Blend 4299.88 (5) on pl. 9903. 
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4302.20-4303.22. Blend 4302.84 ( 


4325.12-4325.82. Blend 4325.50 ( 
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on pls. 9903 and 9955. 


on pls. 9931 and 9903. 


4) 

4314.10-4315.06. Blend 4314.65 (4) on pls. 9903 and gg55. 
4) 
) 


4340.49-4347.88. Blend 4347.24 (2) on pl. 9903. 

4400.01—4401.39. Blend 4400.57 on pls. 9903 (5) and 9955 (4). 
4408.58. Two separate lines, 4407.98 (1) and 4409.27 (1), on pl. 9928. 
4481.20-4482.31. Blend 4481.76 (4) on pl. 9903. 

4558.66-4560.20. Blend 4559.08 (2) on pl. 9928. 

46018.90-4620.53. Blend 4619.54 (4) on pl. 9903. 


H (1) 
C1 (6) 
Mgt (12) 
Me 


Alt (13) 


Sit (14) 
Si I 
Ca I (20) 
Call 


Sc 1 (21) 


Sc a 


Tit (22) 
Ti 





IV. THE ELEMENTS REPRESENTED IN 6 CEPHEIL 

Hy and H6 are among the strongest lines in the spectrum. //y is 
probably unblended, while H6 is blended with neutral iron lines. 
The multiplet 3s3P°—4p3P near \ 4770 is probably present, but 
is blended. 

Several lines are present, of which A 4167.39 (I 3, 4) and A 4703.07 
(I 2, 1.5) are unblended. 

The pair at \ 4481.13 and \ 4481.33 (If 2, 1) is present and is 
slightly blended with 77 1. 

Stellar lines are measured near \ 4585.82, \ 4588.10, and A 4580.75. 
The evidence is uncertain, since the stellar lines are blended and 
since \ 4026.5 is absent. The group near A 4227, 43D—o3F°, if it 
were present, would be masked by Ca 1A 4226.73. In view of the 
high excitation potential, A/ 11 is probably absent. 

\ 4102.94 may contribute to A 4103.07, which is blended with 
Dy tu. Probably present. 

The pair \ 4128.05 and A 4130.88, 27D —3F, is probably present, 
but is blended. 

Several multiplets are present. A 4425.43 (I 1, 2) is unblended. 
The H and K lines are beyond the range of the spectrum. 

While five stellar lines fall near laboratory lines, they are blended 
and the evidence is uncertain. 

Several multiplets are present. \ 4325.00 (I 1, 2) is unblended on 
two plates. 

Several multiplets are present, but all lines are blended. 

Most multiplets falling within the measured range are represented. 
Unblended lines are tabulated here. 








Ti 11 
I | I 
" es ——| " ae 3 
Max. | Min. | * Max. | Min. 

re 3 | 3.5 || 4506.74....) o | 1 
AAT OBOS oie aXe 2 2 REOS F776 65c 24 | 2 
AS80784. 65653 2 I | 4000.27... . fe) 8 
AASOWAD. 5:0 6%.0% 2 | 2 | 4030.24 ...:... fe) 5 
BAFO LOO i 3055 2 | 2. 2 2 

De chinetal 3 | 3 











V 1 (23) 
V iw 


Cr 1 (24) 
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Fe 1 (26) 
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The multiplets a°D—y*D° and a°D — y°F° are probably present. All 
lines are blended. 

Four multiplets are represented. Unblended lines are \ 4036.77 
(I 1, 1); \ 4183.43 (I 1, 0). 

A number of multiplets are present. Unblended lines are the ulti- 
mate lines of the multiplet a7%S)—z7P°, \ 4254.34 (I 2.5, 2) and 
d 4274.79 (11, 2). 4 4280.73 is blended. Another unblended line is 
d 4646.17 (11,0). 

Many multiplets are identifiable. Unblended lines are \ 4269.30 
(I 2,1); the pair at \ 4558.66 and A 4558.84 (I 2, 2), of which the 
former is the stronger, and X 4634.09 (I 1, 0). 

A number of multiplets are represented. Unblended lines are 
dA 4034.49 (I and A 4783.43 (I 2, 2). 

The evidence is very uncertain. Strong laboratory lines such as 
A 4206.43, 4 4251.77, and 4259.26 are absent. A 4282.50 falls be- 
tween a strong Fe 1 line, \ 4282.41, and a Ca 1 line, A 4283.01. 
\ 4326.71 may be a contributor to X 4326.93. 

The lines of neutral iron dominate the spectrum. Lines of intensity 
3 in the sun are usually visible in 6 Cephei. The greater number of 
neutral iron lines are, however, blended. A list of unblended Fe1 


. = 


“ys < 


lines is given here. 


Fe 1 CLASSIFIED— UNBLEN DED 



































I | I | I 
d i d | —__—_——|| = 
Max. | Min. | | Max. | Min. | Max. | Min. 
; : | ae Ec Gal | ee DA whee: 
4062.45..... 1.5] 2 | 4n7g.6q...| 2 | «5 1] 4995.73 2 2 
4974.79 1.5 | 2.5 || 4176.57...) = | 5 || 4375-93 I I 
AOGA:. BPs ak O .5 |} 4187.81 1 6 | 4383.55. 2 1.5 
AIOPAO>.2 2-04 2 2 4199.97...| o | «|| 4466.56. I 2 
ATA? . OG. .... 2 2.5 || 4210.36...| 2 | 88 | 4504 85. ° 5 
AUST. 9) ccccah 72 I. 5 |] 4260.40:..| 3 3.5 || 460205...) 1 I 
4174.92..... ~ = 4266.97... o | .5 || 4736.79...| 2.5 | 3 
Fe I UNCLASSIFIED—UNBLEN DED 
I | I 
i 
r Sone r = eed 
Max. | Min. Max. Min. 
Simin We Se: ae eS, tae 
AOSO) 72s. Siew I I | AIDS ABD oo 668s os ° 
BBUAH OR Soo crs 4's 2 1.5 || 4340.55.....-. ° 7s 
Co (oat 7, ere I I | 
| 
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Feu Represented by several multiplets. A fairly large percentage of 
lines are unblended: 
I I 
N emer r saa ane 
Max. Min. Max. Min. 
4138.36 I ° BEBO IIA Skog vc: 2 2.5 
4416.81 I aS ARAM RE yas ica 5 rs 
PC ee aa eee 2 ARGO. BY. o cc3 Pele I 
4508 . 29 2 BetS NeOGO Ga <is.c50-0-3 I I 
Pils (he perm 2 2 MPAA on ox hes Pas L.§ 
Co1(27) The evidence is rather uncertain, since no unblended lines are 


Nit (28) 
Niu 


Zn t (30) 


Sr 1 (38) 


Sr II 


Y 1 (39) 
Ya 


Zr I (40) 
Zr 


Ba 1 (56) 
La (57) 


found. The stronger Cot lines, such as A 4118.78 and A 4121.33, 
may well be contributors to the stellar lines \ 4118.60 and A 4121.48, 
respectively. 

A small number of neutral nickel lines are probable contributors. 
d 4714.42 (I 2, 2) is unblended. 

The lines X 4015.50 and A 4067.04 are possibly present, but are 
blended. 

d 4680.20, if present, is blended with Fe 1. Two other strong labo- 
ratory lines, \ 4722.16 and A 4810.54, fall outside the useful range 
of the spectrum. 

\ 4607.34, a strong ultimate line, may be faintly present in \ 4607.62, 
and may tend to decrease the wave-length of the Fet line at 
d 4607.66. 

\ 4077.71 and A 4215.52 are probably the principal contributors to 
the respective stellar lines. \ 4161.81 and A 4305.46 are blended 
with other strong lines. 

The evidence is very weak. Probably absent. 

\ 4177.54 is an important contributor to the stellar line \ 4177.61 
but is blended. The situation is similar with respect to 4374.95, 
which is blended with Sc m and 77 11. Several other blended lines 
are present. 

Probably absent. 

Represented by a fair number of lines which are blended, except 
4211.85 (I 2, 1.5). 

d 4554.04 is a strong, unblended line (I 1.5, 2). 

Probably present as a contributor in a number of stellar lines such 
as XA 4031.70, A 4086.72, A 4333.77, and A 4429.90. The evidence for 
the presence of the rare earths is very uncertain. While there are 
numerous coincidences of laboratory and stellar lines, the lack of 
classified multiplets would make identification almost impossible, if 











Ce 1m (58) 
Pr it (59) 
Nd 1 (60) 
Sa ut (62) 
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many lines in the sun, the chromosphere, and a Persei had not been 
attributed to the rare earths. 

Numerous coincidences, all blended except » 4486.91 (Io, .5). 
Several coincidences, all blended. 

Several coincidences, all blended. 

Several coincidences, all blended. 








Several coincidences, all blended. The lines at A 4129.73 and 
\ 4205.05 are possible contributors to the stellar lines at \ 4129.65 
and A 4205.20. 

A few coincidences, all blended. 

Several coincidences, all blended. 

d 4015.61, unidentified in the sun, may be Er 11. May contribute 
to stellar line \ 4015.56. 

Numerous unidentified solar lines coincide with stellar lines. Two 
are unblended: A 4188.74 (I 1, .5) and A 4413.60 (I 1, 1). 


Eu wu (63) 


Gd 11 (64) 
Dy 11 (66) 
Er 11 (68) 


P. Swings and O. Struve™ have concluded that the bands of CH 
and CN disappear at spectral class F8. Swings," on microphotom- 
eter tracings of the Yerkes Observatory series of single-prism spec- 
trograms of 6 Cephei, has measured the absorption due to CN mole- 
cules at \ 4192.574 and A 4197.102, and that due to CH molecules in 
the region \ 4310.4 to A 4312.7. 

The writer, when measuring all visible lines objectively without 
regard to their identifications, did not record as individual lines such 
strong lines of CN, unblended in the sun, as \ 4180.81 (2N), 
d 4189.57 (2), 4. 4192.57 (2N), and A 4197.10 (2). A stellar line was 
measured at \ 4193.51, which is strengthened at minimum (I 0, 1.5). 
It lies almost 1 A to the red of the strong CN line \ 4192.57, although 
several faint CN lines are listed in this neighborhood in the sun. 

Similarly, the writer did not record as individual lines such strong 
lines of CH as \ 4293.12 (3), 4 4310.38 (2), \ 4311.17 (2), X 4311.45 
(2), \ 4311.72 (2N), 4312.09 (2), 4 4313.63 (2Nd?). There remain 
coincidences, as \ 4279.72 (2Nd?) and X 4280.97 (1) with a stellar 
line at \ 4280.63 which shows unusual variation (I 1, 4). 

While these lines have not been observed individually on the spec- 
trograms, it is quite probable that, if present, they would produce a 

4 P. Swings and O. Struve, Physical Review, 39, 142, 1932; P. Swings, Monthly 
Notices of the Royal Astronomical Society, 92, 140, 1931. 


1S Loc. cit. 
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weakening in the continuous background more easily observed on 
microphotometer tracings, as shown by Swings. 

Three unidentified solar lines recently attributed by Richardson” 
to CN bands—aA 4169.62, \ 4217.26, and \ 4268.11—are listed as 
possible minor contributors to lines in 6 Cephei. 


V. VARIATION IN INTENSITY OF LINES 
The accompanying list shows the average intensity of unblended 
lines at maximum and minimum, grouped according to elements. 
The number of unblended lines used is given in column 2. 




















I I 
‘ No. OF “ No. OF 
ELEMENT | ae ELEMENT Pes 
LINES LINES |— : ae 
Max. Min Max. Min. 

EG} eee I 6 4.5 (koig¢y) II 1.6 res 
Mgt (12 2 2.5 2.8 Wortitas) 5332-2 2 I 5 
Ca T1240). .<<: I I 2 Crit (24)...... 3 1.7 I 
CHUMGA) 5 bo 3 res r.3 | ear(46):... .s. 10 1.6 r: 
Mnt(25)..... 2 2 2 4rd Cr.) eee I 2 ee 
Pet (20) 23.5 26 t3 123) Ba aE CEO) eo ws: I Ge 2 
Ni 1 (28) I 2 2 Get (§8)\.. i 4). I fo) 5 
SG TINA) oa I I 2 











Two unidentified solar lines are of average intensity 1 and 0.8 at 
maximum and minimum respectively. 

The evidence from these few unblended lines shows no outstand- 
ing variation of intensity with phase, with the exception of H, Ca 1, 
Seu, Cr 11. 

In the accompanying table those blended lines showing a varia- 
tion of 15 units or more are listed, with their probable contributors 
in order of their importance, in two groups: (A) lines strengthened 
at minimum; (B) lines strengthened at maximum. 

Ca 1 contributes largely to \ 4435.29 and \ 4454.78. 

Ti 1 is an important contributor to four lines. 

Cr 1 is listed as a contributor to ten lines, and is an important 
contributor to seven lines. 

Cr 1 contributes to seven lines, but is an important contributor to 
only one line, \ 4616.46. 

1% R.S. Richardson, Astrophysical Journal, 77, 195, 1933. 
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B. Blended Li 


Fet, ©, Fet, Nit 

©, O, Sci, Cor 

Tit, Fet, Fet, Mnt, Fei, Sct, Zrt 

Fet, Fei, Fe1, Vu, Niu. 

©, Nd, Cem 

Fe1, Fer, Cr1, Nd 11 

Mnt, Fe1, Mnti, Ceur, Pru, Mnt, Fet 

Feu, Fet, Fert, Cru, Cem 

Fer, Fé, Ze, ¥ i Cen 

S?t, Dy tt 

Fet, Fet 

Fei, V1, Fer 

V1, Nadu, V1, Cet, Fet 

Eun, ©, kuu 

Fei, Fei, Fet, Vi 

Fei, ©, Cem 

Fei, Cem 

Fet, Ceur, Dy 

Cem, Cen, Cen 

Fei, Fe, Crt 

Fet, Fet, Crit 

Dy u, Sat, Cet, Fet 

Fe1, Feu, Zr 

Fe1, Crt, Mn1, Sau, Fet, Scu, Sat, 
Cru, Gd, Sau, Cru 

Tiu, Cem, Tit 

Ti 1, 30 

Lat, Fe1 

Cat, Cat, Fet, Eut, Eu tt 

Cat, Fet, Zru, Cat, Mnt, Tit, Lau, 

Fer 

I, Fe1, ©, Cell 

I, 2¢ 0 

t, eu, £41 

t, 0 

Tit, Crt; Crt, Tea; Sen, Cru 

La 

feau, Tin, Vt 

Cr II 

©, Cri; Cri 

Cri 

Ti1, Feu, Ti 1 

Tiu, Feu, Cri, Law 

Fe, Fett, Tt! 

Fe, Znt, Fet 

Cri, Cri, Cru 

Fe, Fei, Mnti 


Fe 
Fe 
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Fe 1 appears in twenty-nine lines, and is an important contribu- 
tor to twenty-six lines. 

Ce 1 contributes to twelve lines, and is an important contributor 
to two lines. 

Sa 11 contributes possibly to three lines, of which \ 4256.14 and 
d 4280.63 are exceptionally strengthened at minimum. 

Eu 11 contributes to two lines, and is probably largely responsible 
for the variation of \ 4129.65. 

In addition to these forty-six blended lines showing a variation 
in intensity of 13 units or more, there are numerous lines with a 
variation of 1 unit which may be found by an inspection of Table I. 
An important fact is that the greater number of lines showing a vari- 
ation in intensity are stronger at minimum rather than the opposite. 

It would appear that there are two distinct groups of lines which 
may be responsible for the strengthening of blended lines at mini- 
mum. First, lines of neutral Ca, Tz, Cr, and Fe; second, lines of the 
rare earths. The first group comprises elements whose lines are usu- 
ally stronger in the sun-spot spectrum. The second group contains 
elements whose lines are often strengthened in the chromosphere. 
Examples are Ce I, \ 4193.12 and A 4193.28, of intensity —1d? and 
—1 in the sun, and of intensity 2N in the chromosphere, disregard- 
ing the influence of the CN lines nearby. The Ew line at d 4129.73, 
of intensity 1 in the sun, is of intensity 6 in the chromosphere. The 
behavior of these lines in the sun and in the chromosphere is closely 
paralleled by their behavior in 6 Cephei at maximum and minimum. 

Considering as a whole blended and unblended lines, the changes 
in the spectrum of 6 Cephei appear closely linked with the variations 
of temperature and perhaps of pressure in its atmosphere. 

The variation of line intensities has been studied by several differ- 
ent investigators. References to important papers may be found in 
Miss Payne’s monograph,” chapter xiv, and in Whipple’s paper,” 
page 13. There is, in general, satisfactory qualitative agreement as 
to the variation in intensity of the stronger lines, estimated visually 
by the writer on the original spectrograms, as compared with meas- 
urements of line breadth or depth on microphotometer tracings. 
The latter method is, of course, superior to visual estimates, at least 
for the stronger lines, and is to be employed for quantitative studies. 


17 Loc. cit. % Toc. cit. 
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THE HYDROGEN LINE WIDTHS IN 5« DRACONIS 
By RALPH N. VAN ARNAM 


ABSTRACT 

Contours of H8, Hy, and Hé from twelve spectrograms of 5 « Draconis, in which 
double emission components are superposed on the absorption contour of 6, fail to 
show correlation between intensity of emission and width of absorption wings. This is 
taken as added evidence in support of the hypothesis that these lines originate at differ- 
ent levels in the star. 

The rotational hypothesis of the production of emission lines in 
B-type spectra postulates the existence of a very extensive atmos- 
phere or rotating nebulous shell of gas above the photospheres of 
B stars. This mechanical interpretation of the doubling and broad- 
ening of bright lines, which are believed to be produced by recom- 
bination above the reversing layer of the star, was proposed by 
Otto Struve' as a consequence of his earlier work on stellar rotation. 
As developed by Struve and his collaborators,’ the rotational hy- 
pothesis appears to give a satisfactory explanation for most of the 
characteristics of the bright lines in early type spectra. It meets 
with some difficulty in accounting for the relative intensities of the 
double components of emission and the actual disappearance of 
these lines at times in certain peculiar Be spectra. In this connection 
the suggestions of atmospheric pulsation combined with rotation 
advanced by D. B. McLaughlin’ are of interest. 

If we are to believe that the emission lines originate in a different 
layer of gas from that which gives rise to the absorption lines and 
that the former are superposed upon the latter in the spectrum, it is 
difficult to see why there should be any relation between the intensi- 
ties or widths of the two types of lines. In a recent paper Struve* 
points out that the establishment of this lack of correlation between 
the contours of the emission and absorption lines is a necessary con- 

t Astrophysical Journal, 73, 94, 1931; Zeitschrift fiir Astrophysik, 4, 177, 1932. 

2 Struve and Schwede, Physical Review, 38, 1195, 1931; Struve and Swings, Astro- 
physical Journal, 75, 161, 1932. 

3 Publications of the American Astronomical Society, 7, 31, 1931. 

4 Astrophysical Journal, 76, 309, 1932. 
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dition which his rotational hypothesis must satisfy. From the study 
of a considerable number of 8 and Hy contours from Be spectra he 
shows that their absorption wings are closely akin to those of the 
same lines in B stars which are rotationally broadened but in which 
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It now becomes of interest to study the widths of the absorption 

wings of the Balmer hydrogen series in B stars the spectra of which 

are not only complicated by emission, but in which the emission is 
known to be changing in intensity with the passing of time. Such a 


star is 5 x Draconis. 


Using the Yerkes thermoelectric microphotometer, I have ob- 


SR. H. Baker, Publications of the Observatory of the University of Michigan, 3, 20, 





1923; Curtiss and Petrie, ibid., 4, 171, 1932; Struve, Popular Astronomy, 33, 596, 1925. 
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tained the contours of three hydrogen lines on twelve spectrograms 
of this star. Many other plates in the Yerkes collection were unsatis- 
factory for the purpose, either because of lack of standardization or 
because of unsuitable emulsion. In Figure 1 I show these contours 
arranged in chronological order. 

The dots represent individual measures. No attempt was made to 
smooth out the inevitable errors due to imperfections in the plates 














TABLE I 
LINE WIDTHS IN A.U. AT 10 PER CENT 
ABSORPTION 
Date HB Hy H6 
1928 Dec. 183... .:.<..| 6x0 19.0 1636 
| Dae 21.0 Oy feel i ee 
1929 Mar. 20........ TSO 22.5 10.5 
PNT A ens, 6a'<'| . ORO 18.0 16.5 
PIE. Oi dc isiecs 21.0 17.5 i725 
BES TAs access 15.0 16.8 14.5 
WANG: 245 c acc « 17.0 16.5 16.0 
1091 Mar: TO: eo .6068 16.0 15.0 T3255 
1. CTA (cae 12.5 14.0 14.5 
F022 MAT. ISF 5. 0883 21.0 130 TSS 
) US | 17.0 16.5 18.0 
PUVA. once n} “BOSS 18.0 17.0 
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and in the microphotometer tracings. The ordinates represent per- 
centages of absorption of the continuous spectrum with 1o per cent 
divisions in the scale. The abscissae represent angstrom units meas- 
ured from the center of the line. Each scale division corresponds to 
four A.U. for H@ and two for Hy and Hé6. 

A cursory inspection of the H8 contours indicates the dying-out 
of the double-emission line with time. In view of this it seemed un- 
necessary to obtain the emission contours by extrapolation of the 
absorption wings. Moreover, the diminution in the intensity of the 
emission agrees with the recent work of M. K. Jessup,° who finds a 
minimum for HG emission in 1932. Emission is absent, or nearly so, 
in the Hy and H6 contours. 

In Table I, I show the measured line widths in A.U. derived from 
the contours at 10 per cent absorption of the continuous spectrum. 


6 Astrophysical Journal, 76, 75, 1932. 
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Since the absorption wings become asymptotic to the level of the 
continuous spectrum and very uncertain on the traces, an attempt at 
measurement of widths at the continuous spectrum would be quite 
inconclusive. 

An inspection of the measures or of the contours themselves shows 
the absence of any definite trend in the line widths and no correla- 
tion with the intensity of the emission. It appears that this result 
gives added confirmation of Struve’s conclusion, obtained from a 
study of Be spectra in which the emission is fairly constant in in- 
tensity. The non-correlation between the emission intensities and 
absorption line widths is strong evidence that these lines originate 
in different layers in the star. 

YERKES OBSERVATORY 
June 19, 1933 














REVIEWS 


Amateur Telescope Making. Edited by ALBERT G. INGALILS. 3d rev. 
and enlarged ed. Pp. 500+xii. New York: Scientific American 
Publishing Co., 1933. $3.00. 

The authors and editors are to be commended on this splendid work. 
It is an excellent reference book and encyclopedia of telescope making. 

A few minor errors and omissions may be noted. On page 4o the author 
gives instructions for making the declination circle as follows: “Every 
tenth division is made larger than the others and numbered, starting with 
zero at the middle of the strip and increasing to 180 either way.”’ This is 
not strictly correct. The circle should be numbered from o to go and back to 
o on each half. A working drawing, with proper dimensions, of a simple 
pill-box observatory, or some other type, would be of help to any be- 
ginner. There is no mention made of the different types of observing 
ladders which are very necessary for reflecting telescopes, especially the 
Newtonian. Photographs and descriptions of parts of the 1oo-inch tele- 
scope are perhaps out of place in this book. A chapter or two might have 
been devoted to some of the astronomical observations done by active 
amateurs of today. The book list does not contain any works on the 
moon and planets. 

Part XI, “Miscellany,” contains a wealth of information. This, to- 
gether with Part II, ought to enable anyone to grind a mirror without 
difficulty. The discussion of equatorial mountings shows the ingenuity of 
the amateurs in the use of inexpensive materials. 

The book should be in the hands of every amateur whether or not he 


intends making a telescope. 
R. N. BUCKSTAFF 


Mirrors, Prisms and Lenses. By J. P. C. SouTHALL. New York: 
Macmillan Co., 1933. 8vo. Pp. xxiv+806. Figs 329. $4.50. 
This is the third edition of a college textbook on geometrical optics, 

the second edition of which appeared in 1923. Two new chapters dealing 

largely with physiological optics have been added, increasing the size of 
the book to some 806 pages. Numerous problems for college students 


are given at the end of each chapter. 
F, E. Ross 
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